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31 # o a m 

1. ytKo*>7xo-A, (dihydrokaempferol :DHK) b Kd + 
*> A rt»*X(± (> U<liSB55-*=J-K X II C ft 

2. ft£t5&ft<DNA XlicDNAT&-5. 1 C £©cd SSfc i&lSft 
3 . SflEBSf* 3'. 5' - b Ko*i/5 --tfT*4, S^S 1 

6.09 xniOK£tt<* nn^ ^xii-eni:** ur^tt < t 
7. h7>x^x^ y ;«an:ffst 1 - 6 cd ^ 

7 (r£©cos»¥tt*o 
8 EttcD&Bfci&ttf*. 
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stmttf*. 

11. !HE»t?3)<Tro/<?f'J9i (Agrobacteriua) t CD^fcJS 

12. ST£^? ^-ac^m»mi(itt:*<(ailir^rpCCP90-C*^, sr 

m ?! 1 0 x 1 4 1 n c £ ft cd ts a i& ai <* o 

13. fflaix i> t Ko*>7xo-il (DHK)b K a + ->/V{fc6*jfcx 
ll*CDSI*tt L < ligS^o 

14. tt£8ff*<3 ' . 5' - t Kati/7-tfT*5, »*JSl3 

15. K£8**<^^i-T, ><-^*-, tx>v), 7^, t 

*-*E&3fcT*<5. W^5l3XI±14ir£©CDfflgl^.B3jJ w 

16. SilEB**<^f a-7**T*5, a^^lSlcEficDfflJJIx 

17. 0 9 XII lOICEftcoXll-enicAt LT^nc < fc *>40« coffl© 

tt^fftir ~ y ftE^o^awir-r^Txiiss^^^A/r <f -5 r 
? j mmn&*-r sjs^isxmeicECcofcfcAB*. 

is. h7>^^xr 7 ^«tt + izffaE-r-5*^©m^^i3-i7© 
^rn^ 1 ^ir£ftcDfflft^.B*o 

19. I5E h 5 >X i> x-=. v 2 tttt*<'<5. ^f-a-r, * 
— £ >' 5 >- X li — •*< 5 X- & 6 * iSiw £«<o a i* x. 

20. ffJ£h7>X^xr 7 ?ttaiii < '<7Xl^f-a- Ttfti, 
&$^l9t::£ecD&& 

21. fiH^yb Ko*>7xo-A (DHK) t Ko + f JUfcB** 

*mRNA?>?-<0£gB$> L < 11 8 K * K tti:: « fit 8 a E #1 © <E 2? 



s^ftTtcaattttttoiBttcsPA stab** M^yi- 

22. fir£ffl»*5?5Ra<3' , 5' - b Knt^7 --tfTAS, ft 
^^21ir£CO^ffi < , 

23. fr£®»mitt*Ol6m^3B^Sra*= J: 0 IBS £ ft * , S»*^ 
21X11 22IC£CcD^ffi 0 

24. SiTEfflaiiS^^^^jL-T, y<-<^-, tx>V7, 7H 
T-<t; x , - 7t; _ i/7 ^ T *j<f4^ ->;7^>, *fh, 

^-Xli + ^Eij*© fe(0T*4, W^^23IC£C(D^fe 0 

25. WEfia^BafT^^f- ^ -T &3fccD fcCDTfc*, 3T^^26IC 
ECcD^fc. 

26. KE®amtt*XllS**<0 9 Xll01OKE«<*ft-Cl^*cD 

i:SS?^tr^i;*vxti'eni;jitur^^< t 4Q96<d& 

* ? 7 I,*?- KE^XliT i y J9*£23X 11241= 

ECO^feo 

27. HIE h 5 > X i> xr: 7 ^tt«&A<y<5, a -7, * 

^-^5Xll^/0-C*i, »^a21-26CDC^rn 
^ 1 ^KE«cd^& 0 

28. Sil£l-7>^-;x- 7 ?j4»^/<7X(^^ i -7T*4, 
a^^27lc£Cto^fe 0 

29. ^tKo*>7xo-/t ( DHK) t K a * S/ A ftR* £ a - K 

r«^, Xd-en^n-Kr^E^irfflww^^^u^^ kej>j£ 

*^riiS5$Ji;i»A?nfcfif«»^$ffT5h7^yxz 7 ; 



30. ffl£»**« 3' . 5' - tKo*-i/5--tfTfc.5. »^^29 
(C£©CD K5>Ai?x-7^ffia„ 

31. I5EB5S *<^t^ a -T. txvv^, T 

ii^^b&^t*5. a ^^3oi= e ccd h7>^i>i-7;mi!i, 

32. SJTES*37<^^ i — Tfi&*cD cO"Cfe5. » 3*^31 iZ E«2<0 

33. 8*F£8*7j<ig 9Xll2(=E©cDfecDt5?3Jfifn;^i;7^*-5^ 

ti, S»^^31XI132IZECCD h 7 >^ x ^ , ^ «a 0 

34. 1fE«ttA<'<7, ^f*-T % 7j-- 
T -f 'J 7, ^a-'iy7^ ^'K >; i/T >-9-X(Lisianthus), 

7';-^r, tx>V>, 'J A (Limuniuo) XH^5vU=^- 

f^t*4, a^^29-32©^-rn^ igi:Eeoh7>^^x- 

35. BtrEh5>^^x- 7 ^ffltt^y< 7 Xll^f- J i-TT^'5. 
CT^^34i:E©CD h -5 > ^ y x - y 5 tttt 0 

36. tttt* ^co*> h ^ o AP4507>^XI15Ha53' : ?-*3 - K*T * * 
Xll*n*:3 - Kt5EJI|i;JtLtl§ttW'X7 7Utf KE^*^ 

^»;^?^brf-f-K^7-<'-7-^mtNTixiiiiacD^y/7-^ 

a ifl Sit K J: 0 ffJEtttft cd OBSfr £® Kfifc^cDa Wtf «Btt* ^ 
i/ h 5r OAP450? ^U^-^ KEy9Xliffl»WEy)!£i*«T'5Cfc£ 
*A/*CJS0* 8iTE^'5-r'^-*<a74lCD; ?ov-/.fiJ|5->|>?oi. 
P4505>i t CD I Xli«a03 V-lr>^XEy?IC&*-r-5 7 ^ U^f- K 



1 • 

1 

" 37. > -fe y*t*&ntfi i/ h 9 a Z^SOt^©^ K > 

38. WE^ >*>'**E*i)7<F(G.$)XGXRXCXCTfc>), CCtXIi 

39. rre? >*txewa<pupfcagxrxclg t&o, cctxa< 

ff«©7i>filt*5, »*^37KE«©^aU 

40. h ? o i.P45O0 J FX(±a<H^' : f-* < DHK fc K a + ^ A <fc 

' 41. WEDHK t KD + ->^ftB*^ 3'. 5'-tKa*S/5- 

42. flE? a- ><fc$n/i»*^0 9 XlilOi:?pt® iS?»*JK 

* mtfr$>zi>^it*t\tztti,T'j>K<t t>40«©3<ai4£*r-f * r = 

! EJ"I$ffr5, W*3B40Xli41K£©©;£8:„ 
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K#c/Ktta&t/f6©£ttf*c*tf *&*j&j£©»f*ic±;it*rfc 
*e©ceffi(-M-r*. 

aoa^^iitt*!), ^Lt*ftW'iwaes^ffl^t, res 

filtaiti^. C©7?£li, 4$£oa©j|£f r- 

* lt c ©as ©*:*£>#— ©a# arias 

#^Tfi6tt^MIHSnTt>^fcA6(r, 1988^ tz* 5 > ^ K *i * * - 

*&&0Tfc 0, *LTcn£© D ° a a;J < £a£>**l£-li£8K5t7E©4 
S^*f-^7 0flfa 0 a oacD9fl56U, 9J7E?tfJft&tfS*TtriS<DPi#i:: 

7t (T\ A I* * > K -T O -3 © * T?* © * * % ■f /r +; t ^ 7 ^? V ^ W 

y*of;-f Fi:i<, 77#N KtiJta^ Lff a© 18 

<•< ^ ^ - :7 > % ^< — 27 > , 7;i/fy>SCf^7^^-y>® 



A<fe©»flS'XSC{t^^fi£-r<5CtJ^-C#*o ?E©feti £*:&&©? 
7 y K© fit® 96 & (co-pigmentation), £SSt*l£tfc, r 'J 3 

(Forkmann 1991)o 

ttttsti) (±j:<astsnr±»o, * trs i ir^n* CEbei 

& CFHahlbrock. 1988:Hahlbrock and Grisebach. 1979 :Wiering and 
de Ulaning. 1984 iSchran £ . 1984 ;Staf ford. 1990) . Z©&&©5& 
— ©#&©&© iiS^^©^ a — ^-CoAt l#-?-cDp-?^a-Ol 
-CoA t ©*S£ -fr^tr* w ©SEti * A 3 V-S-Sc»*(chalcone 
synthase;CHS) ir J: 0 *8£ * n * o C ©SlS04fi£ttt* 5 2 ' . 
4. 4'. fi' -f h7t Fo + J/*A3>liaff, »*3>-7 

* -> 5 --tf <F3H)(C«fc 0*t"*S»©3ttlC*»-t*Th Ko*i/Aft$n 
S> h Ko-7->7xd-^ (dihydrokaeopferol ;DHK)££fi2f * o 

Kof >7xa-;KOBlti3' Xtt 3 ' <4&tf 5 ' t4 

© pi £ »c 1* r t Ko4-*>/Hfc$nr, thfft^t KotAtf 

> <dihydroquercetin:DHQ) &tf v> fc Koi 'J * f- > 
(dihydronyricetin;DHU) ttJSf 4 : td<t * 5. C©&85iCH 

$T * 2 o©^^©B*l±7 ? XJ 4 K 3 ' - + 
(£ltt« 3' -tKo + V^-'tftftt*) SC?77#;-f K3' , 

5' - tKo + ^7-e (fl», 3'. 5' - bKDti/7-tfi 

»r4) Tfti, 3'. 5' - fcKo*S/5--t?(±fcKo*->A,{t 

**ar-si£BfflB*TftoT t -f';>r->a(/DHK©3'ac/ 
5' ttafecM;x'j*-s>7f-*--rt'&tfDHQ ©5' tt (stoti ac; 



Forkmann, 1982)© t K o * S/ /Kt€»«U, ^nfti^V * fc K a 

= ?ay-Af4lii1S)4 , ©75#>-f K 3 ' - t Koti/Afttt 
NADPH ac/0t3feCF(C^ 'j >y - >XI4DHK Ol'Tn^^Mtrio 
-"t-fr 'J ©^^^^^©^^^^^©B*^^ <Bf3ESnT^-5 

(Haamann 1983) . -SMt, £/ h ^ o A c & tfNADP* i:J: 
■5E»/r<^-ri:C^(C«tnidr, C©B*ti->h^ a P450W 
TfeSo «<&©»*, SttJV< h <5 * a 3 J/C4ilr*TlEW* nn» ^ 

(LarsonS C^Bussard. 1986) o 3'. 5' - tFot->7-^U 
fc->^o AP450^ 7^©B*"C**o i'h^o 2*P450B3Jf It 9 «S 

a©tttttC*»^T»14^S$ ntl^. 'pt*< tfcl54 ©i/h^o 
/.P450»e^-©E^*<ftS$ nX4» 0 , * LTCfl^©itS-?-li27 
©ftiae^^ t £ U-caai*ntl»« (Nebert^, 1991) . 1 
o© 7 r 5 — tc ±> t 1 T P4505 fiJJEKti — ttt^40»£i±©(^ — 
tt£*rT*?7<. H-Ot^^i') -rtr(146«£/Jt©(3-tt*<ff 
(Nebert^. 1991) • 
*ttlU-l»T3' t, U li 3 ' . 5' - t Ko+*I/7-tfjSttX 
li75^H K«aiC*iniffi©B***UBT5^rtfittti. 

©7E*HffU-encj: or*— a?y<rr«ffl©?Eat5Bgir 4 ;t« 

^Iffii:t*fS^ftttt4Tft^?. *»"WCti£-it, 3'. 5' 
-t Ko^i/7-tfort§77f;-f KHtt©B**=J - Kf 5 

HliDHK ft»3tCFICDHQ . t 'J >yi>S^x «J ^? f t-A 
(eriodictyol)©r t d «&©£»© ft*©H«! *^Ttfitc L, *niw 
i07> h*>T>©h Ko4 t >/t/<t/<^->-&tt^L'tLTTE^© 



— 3 — 



(dihydrokaempf erol ;DHK) b K a * > to £ => - K"TS ? 7 U 

-vO^aii. DHK. DHQ. -f- 'J > Y - >. I'Jtf^n-fACMX 
JfJldi, DHK t Ko*i/AftB*li 3'. 5 ' - t K a * i/ 

5:tfet$J:?o «-st, :o^fcB»i;i)i»t3' . 5 ' - b K 
a*i/7--tfoiasc;;a-i>r^of am' - t kd + -> 

^nc<tfcsii7>ttt=«fi$nfca©^«EWi; stains, 

*Wa»i:4sir^Tttfflr«»*. f»e^E5HJ tli, DHK fcK 
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r»*<*j tit, ^«s*c4trse«om-©x(±acjEtcDT ^ y 
assu tt*ac*/x(if*ai**5fc-r*. :ni:«L, tsa(i3' . 

tttt35«E*lK» IT 1 Xlifflfieo ? 7 U KB** Kfifty/ 

A< 3 ' , 5' - hKo*>'5--tfCD rg87>j *3-Kt**^ t C 

* 36 9! ©DHK b Ko*S//KtB*©*L-C»K 3 ' . 5 ' — b K 
rtffAtt^i fts 0 f»A7 > y »E^SB*t±SfiK^©Eff^o 

BttcixaaaoT;; a* 

ft 5£5£SC-5'vJ!a ^ y v - - > y *■« i'ni:7>yAi*Afe *Tte 

«fc *)«««■ if £ftSo fi*T i y Bfc3CJ&«:(±. EWfOK<tt 
ira©a£*#££ft* LT<e©ttKI=J**M*<»A3ftT^* 
fc©TfcS 0 AHWttiBJfcl** 1 KfT^Tf*£ft S *>©Tfc 

S<, 



s L 

r $ y fiftB!ft©*:«>©a3tt&£ 



Ala 


Ser 






Arg 


Lys 






Asn 


Gin: 


His 




Asp 


Glu 






Cys 


Ser 






Gin 


Asn 






Glu 


Asp 






Gly 


Pro 






His 


Asn : 


Gin 




lie 


Leu ; 


Val 




Leu 


lie; 


Val 




Lys 


Arg; 


Gin: 


Glu 


Uet 


Leu ; 


He 




Phe 


Uet: 


Leu : 


Tyr 


Ser 


Thr 






Thr 


Ser 






Trp 


Tyr 






Tyr 


Trp; 


Phe 




Val 


lie: 


Leu 





3'. 5' - tKoti/T-^TWMftCJi^TR^ft 
3ftS«£, 7; ;»ll-ttc, S<a©tt3?, #1*1*5**14, S* 

sy«ffA(ia#tti-ioT = ya«&©*-y-T&o, -eur 



I ~-208i£©iSS-C<fc So ffiKli, »±Xti» AtiSi 
«**ICfcl*T, rttfcS2«S©»*Xtt2»XcD»A*LT*T*D 

ftSo 

I?J£©T WSSS^Il. 3**i=*^TJ:<»*ftTi**'<:r 
* K^BSfit&flfU^firBia^fiSffi <Merrifield. 1964)ap€rffl^r, X 
li&ft*.DNA »^i:J:Dffo:t^'CS5 fl K»]©X[i 531 
^ftfcEJH £?TTSDNA ©i5r£©gBt4<::B!fc£&£?T'5 ?j£ii«J: < 

abntfco, *LT«*tfin3 snaiB&^a^-r So b&« » 

E«©«flMi. ffq^ttSaobrook^ ( 1989) tr ft* ^ * £© $ ft T i> 

So 

ac;si#*cof6©CT(rt±, sr»p» tcaa-r sffis©?>^, flirts 
*rttsu raws c//x uses t> L<«*y^rf Koixaaa 
tofift. ^^a^/xti^fiD^a^^ftSo 

fSffilffj SCf r RI^J 3'. 5' - fc Ko 

y B.*«ftCfifc93ft«. 

J: 0 W b^ftfcSltt^^-C^SC t#-C£So tt 
W ffiKli + aKO-eLTftfetfiKiia^X h 'J 

SfficrjfSi»j9.^(ctt5S$nSo f6 © ffl 15 r 5 91 T ft , *38«Bli, 
0 9 U < ti01O(C/T$ ft S 7 7 U*^ KE^*WTS©«7>^C, 
feStMi? 7 KXUT i y»EyifcDl/'<;Hcirt^T^/i< t 

t>35«. » £ U < \±'PK < t fc45», 5 ^1= Hi L < (i '> < t (> 



55«, $ bCff i U < li^'i < £ b 65^- 70 % , *Lt-«»iL< 
(4 85* ^©JKGm^fTT*?** C:T, 8 a 14 3 ' . 5' - k 

*KE^3^4Tiy»E^4tt£©*J;0fil*JS<att£*rL*LT 
if i L < ti + SflEcD-e Ltftfe»H<liKl^h'i>yi>i/- 

*ftrr, ici^s* nfc©st7>*©ss7}t'W r '/y^xti; 

A (AgrobacteriuoOf+^rSfTK J: 0 SB S3 |= iff A $ n » 4 „ 

£$^14, ffc©tt1SlXl4£*a©a&14>© r i: # * :£ © # tt 

3' - tKo + i/7-tf08£»ttlit>^«v^ (Antirrhinum), 
( Verbena) a ^ t** a. — T ( Petunia)© (I h h * o 
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3->0*^ac^<ai»Ilt-*.-^rfil«=»nTt^ (Hell era tfForkaann. 
t988) • ae j Feos_(4 4 l > * b V •> (Ant irrhinua)c: & l' T 3 ' - 
t K o * > 5 - if £»IB U (Forknannac/Stotz 1981) , ffc^Ht I 
ite^-ft tfPrJtE^li^rif n^f * -T (Petunia)(Stot2£. 
1985) &^H?o3>©ei»l (LarsonS C^Bussard. 1986) it is 

(Verbena hybrida) ©ft^SE^^ (cheaogenet ic) Sf3£#?nf t 
C^d^nti. C ©ttttt::fct*T, T > hi/T->0B903' & 
C/5' ©S{fc(Bt::ibM**tKa*^<tt4lo©itGTKJ:9»ffi 
£ ft* (Beale. 1940) , 3'. 5' - t Ko + S/Afl:OB*Sttli 
fA7^y> (delphinidin)£&fl:©?E©iaa3&1»t;:©<*?*;£-r 
-5 (Stotz atf Forkmann. 1982)„ 3 ' a 5 ' (fclCfclt * tKot 
is ;Kfc©*:a&©NADPH-«c#B- i ;d v-AB3SfittUifc* ■; X t- 
:7*X (Callistephus) (Lathyrus) © TEffi ffi * iZ 2E 

(Forknann. 1991) , V.^-f^'jr ( V. hydrida)© « ^ t 

7?'<; >aai;^t Ko75^<; >ao3' . 5' - t 

Ko /Kt©fca6©R3Sffi& 14 ftd 3', 4'. 5' - hKot 

i/Aft$nfc77#H K<t^a (xi4*n*©> * a 

T , 3'. 4'. 5' - bKo*VAft7f*H KSI<D£jftl*Q! 
b^i:77.f;-f K3' , 5 ' - t KD + i/5--tfSttCffiff-r-5o 
3 ' . 5 ' - cf Dty7-i:$^ - p't5 is £ ii * 77 'i X r 
(CallistephusXjO „ ^^^-T (petunia) (Hfl. Hf 2 ) 
Stf^y^t (Verbena) (JP) £3-»T£ < © E Jt ffl tttt K £ T , 

J: -»TH3E3ftTl**. SSI:, #B*JStt*<IE<!BdnT(,'4 
(Porkmann. I99l)<, 3'. 5' - + -i?!4 J/i; 7 n y 



- A© h ? a Z*P450»?*-C* 5 ir^fi 4 nfc(Heller& Forkmann, 

i988) o LfrLKttz* :n«i©ac;f6offiaa^b©3' . 5' 

- t Ko4 t >7--tfise : F©^a-->r©^s^nfcfi^(±ffaE 

3', 4 ' , 5' - t Vo + ^;lffc77^;-f KXl^n^OS 
6 C t^r § eft&©fflttjmicii, T-y+r-f (Kakedu£. 
1985) . bi>V5 (Asen£. 1975) , U ^7 (Lisianthus) 
(Asen£. 1986) „ hvh ( von Wettstein-Knowl es. 1986) at** 

h (HarborneSCf Simmonds. I968)A<*i nio cn£©3X(i 
3'. 4'. 5' - tKo + i/Alfc77ifHK«t«r«:tA< 
T § -5 ffi©«tt) $ 3 ' . 5' -tKo*i/7-tfS6f<D*tt 
atLTaST*69, 7?#H KfittOW* («*tf, 3 ' . 

5' - bKo^>7--fcT) *ia*xiiiai»ir3-K-r*c©»^-r 

3'. 4'. 5' - h KD*i/^ft77.f;-f K35*£it5ttO 
ttt»7>^ 3'. 5' -tKo*>7--tfil£ : f*l&ttr5Ct^'C 
^-5, Sltt#ra©S<SCaiE(iB*$ tiZfr L*int^*<, 
CE6t *© t^I tttffi*ffli^r, JHiH©ite : ?-E^*«£ii 

t'J^?Htf K^ffll^:t*<t*5, -e©a^^ffl^x£3C© 
■r^T^*:5fi^tC#« n5, 3' . 5' - h K a * ^ 5 - -tf © r t 
^B*©f6©*S^ A#ffl©W(CU, ^-^t^ ti>V9, 7F 
T-f'jX, 7'J-y7^7yt-f, sKf h, /<> 

*3fi^lC^X.lX, 3 ' . 5 ' t Ko*'/7-*o;t §DHK t 



DHK SCf/X 14 fftoaS ft»Wi: v 7>h->7-^ 
>©T > h ->T- VS9^ WAI4x^7 -f ^f-i-^V 
X(4-rAei?> (nalvidin) izmm? Z Z £ li<T £ Z . cn«=»©T 

> k •>7->©4ffitiffftfii;flafioa* ©feffl©j^fiEtr<F4-r 

-5a tt«n;4»»t ^tS»E^©5Bmi4»d£^. t43fe^SFS 
t&ffW ( developmental )T 45 * C kfrVZ Z « 

?£^r, *3S^©ffi©fi.«(4ffl»^DHK fc Ko*i/*ffc»*XI4 

-e©sttsei»* l < t4S!i»**3Bmr 5 c t^ts* h5>xv 

BEOHK t Ko + 'yiHfcB**3- K-r*?^U*7 t KEM**^ 
T5£5Sa«-. K©a7>^©ft»«56a*«»»t=llFSt- *fcf*T 
i:*AU h7>x^i-7?tta*RllBfrblltl/, •ei.TR 

h7>x^x-7^«a^. Presfii©»m^5jftecr*©c+7> 

ffHl'B8«:*il»t, *36^t4SCfl:UfcW7E«'56a-rah5V 
X>>*-, ^7Effl«©JZiS^ffi**^, C©^ffil4, 13/i«tSO 
W8Str, ^3fi^©a«EW*R«a©*»«36m«-« : Sr 6*frT 

m»E?9©DHK t K o * */rt,<t»*^©36&€-*TtecT + 

if i U< 14. DHK t Ka*$//HfcR*l4 3 ' . 5 ' - b Ko + J/ 
7--tfT*0. 3B*af9t-«EffW (dvelopiental) * 
UTS{tL/i7El4SS*««b©&afi&*« : UttffU-CWat>U<l4 
a*e.©7EXI4fS©a©fe«©£0t*a#T ra^fittttj t(4, 
3 ' . 5 ' - t KotJ/7-«*OfcA«S»ttir«: b# 

r $ , -e Lr3f2©a©5B^©^Ai:^Rttiiia^^a«ftwac; 



pH^w-r 5 0 °o«i: uts«$ 'Rph#j *««t sct^a* 

L^T*<5 9o fflJfc* 3'. 5'-bKo*i/^--t?X(4-e©S:i* 

#feraB*©5&s©#;EiDXi4«4>*B»-r *-c<&6 -5. c nt±fe 
©»*&«. w*.(4»X(4jfc©j*<5afa*# < rfc* -Jo 

c©»*X(4-e©a*©857}*3- Kt6S9EJ?*7 

v*-rn^iocr>safctcias-r5ct*2ti'*?it'c*i^t>77<. c ©as 

ttT >*SaE^(4B*i::rU*T*?;£$n*^«tmRNA©£33 

t*oT*369!l±. &ft*.i>bKcr*>7xo-;U (DHK)h Ko + 
•>Afl:Bj)J*36af5C t^t§5*^, XI4DHK t Ka + i/;^B 

E?9©*e^£ h 7 V - — r ? *S*S©ES^&iCJ2:S £ 



?^¥6-500239 (6) 

(Lisianthus) . 7 'J - T , b x > y fr , 'J * — ^ (Liaoniua) 
& CF^ y A ( Pe t argon iu»)(C fit S$ n«. 

ae -> K5>x^xi*?tta*»£r*fca&©_b£©:£a;t4, 

T > XoRNAXit^- 'J^7?Utf K*3 - kt xr4 

DNABrK-£, 3'. 5' - t Ko+->7--lf^3 - Kr 5^X11: 
*l£=i- KT*E#lC*g»e<l* ? ? U*7*- KE^CDT^TXliSB^ 

ee^r, *56^©e»E?ior^Txag57>, 

li*©7>ft>^JB, &tf/XI4-e©ffiSfc©ratt{*X(4£ft:L*: 

je£**rr*-r^T© h 5 >x s> x - * ? «au ^ brmzsati^ 

x^x^. 7 ?tttt(i. DHK t Ko^^y^83ft3 - K-T*^XI4 
-tn* -SE^ICffiWW^X 7 ? KE?9**A,Ti£*$ 

Si:i»A$nfc6l9^T**tL, tlttti:, ±E©J:7tti*A 

£nfc»aE^*JH*T*;*pHtta#-c&*. *»tsn4*fc. 

n-ci^m*. «ta©fc«>©i?r*r«ai: itffiT*^ 9, 

*3B*9©£ £tt*«Al4. DHK #7fc7}»»*©ffl*;Ug, tticffl 
3 ' . 5' - tKo^->5--tftCiajit^n-5o *»*©&*© 

*3B9J©teeo©.£(4, ttfcj;7^©i/ h ? o A P450t>^X 14 fflffl © 

? U*^ KE?5*-*X,T«*&a#*© ? o-^>r7j 

C ©7j £ti. EE33I i ? o 7-/.(0-> h ^ o AP4507>T © 1 XI4!I» 



©3>*>*XE^(C&*T*??U;i-? L KE?g£*r-f* IX titH 

ic j: 6 snE«%©fiasa^ «i©m»7}^-©iaaciaK^ ^© ? a * y 

-AP4507 ? KEJflX(4ffl»WEW©«l«* S^TiiE*. 

H«T*SS«(=isV»T, ^ K ? o AP450Sa5j- J F-X(4-e©ffl?9&5 
E^«-7a-->r-r'5^&l4, aSttcDNA? -< 7*5 >) -^4Et» 
© h 7 o AP450fl>-?-© I Xl±ffi»03>t>+f^£Kt:WU;r6 

$?i L < 14. u>-tr >-9-^E^I© 1 o(i -> h ? a A P450?} © <n 
^©^Kj(-f>^^©t»©rftO, 3 *f=ff £ I < (4 FCC. S)XGXRXCXC 

C:rxijff.i07 s ;8t*4) X(4PCFAcrricpc t&* 0 « 

feif $ L^5S«fCi> C>T, ^a-->r$n-5^^S®{4. DHK t 

-KfiA>Xi4'€-n*3-K-r-5E^(CJtLTfflfitfi«J-C*-5 0 
t;$fiU<(4. 3'. 5' - tKo + ^7--tfl4|iIi:EeU^J:-5 
'a^©-C*0, -€-LT$^(C»U<t4a9Xl4 01OtC^rJ:9^T 
$y®E?q*Wr^^Xt4?^l/^f'KEyiIC«fct)3-K$n, * 

ai (a) ac; (B) iJ77*;-< v&mvSiGm&mo&x® 

"Cft^, H»©«t5©S37>tcflfl#-r'5»*li^©«i:7tia?n$nT 
* o pal » 7 x ^/u t 5-> • r>*^r-';T--e : C4H = ■> 

>7^>-h • 4 - t K o * i/ 7 - -tf : 4CL = 4- ^vU-h ; CoA 

■i T - -tf ; CHS = A/U3>-/>^--tf;CHI =*A3>77#>-{ 

V > v - -tf : P3H =» 7 -5 '< y > • 3 - h K o + is v - -tf : DFR = "J 



b Ka77#y-A- 4 -\, ft 9-* ; UFGT=UDP - : 

77*;-r K-3-o-/^3^Ah7>x7x7-tf. a©a© 

IIP. ^^r'jy (P.hybrtda)©?E(r feOTitsc 6S£ft(CitI& 
tit I =i/T — i? > - 3 - r ^3 •> KSt/f ^ 7 -f - > - 3 - 
7;i/3-> K© i/;HS^^©5 A y -XS©ftflD : 2=7^/1/ 

<tac/5-0-r;V3*>/Vrfc; 3 = 3' - jtfwKfc: 4 = 5' - ^ 
^vKt:5 = 3'. 5' -/fAffc**^, 

0 2 (A) 14. P. 7* 'j 9cs V23 (Hf 1 /Hf I . Hf 2 /Hf 2 ) 
©7E#faajt»<f© 3 ' . 5' - b Ko*S/7--fcfSf*. 
-f 7*'J ^cv R51 (hf 1 /hf I . hf 2. hf 2> Cfclt* 3 ' . 5 * - 
b KD + ^7-tfffill0^ta*^f, 3'. 5' - tKo + J/7- 

-tffsa(4 a H-^-';>y->©3'-ac;3'. r - tKo + i/^ 

ft»«*x 'J ^ ^ ^#-71/ (eriodictyol)RC^O^ b Kof> 
77^;>^©C3fti:J:01ftaS$nfc, c©8©£fl1K. SI£:©$ 

SJt'j >y - >3£at= 3' - t Ko^>'7--tf4SEax'jt^; h 

-ARC'S' , 5 ' - t Ko + i/5-'tfSlE©*fi2a^>^ b Ko 
^*>7 5'^V>*</^T$n■Ct^-5o TLC 7"l/-h±©SKac/t Ko 

^^Aft£^ej©&a^c©ia©«ffl(z^$n"ctfO. c ni4 7£^ 

P. 7* ^CV V23SC;P. /^-<7''J/cv R51^*a©?E 

©7E^Mffl1&tC J: O^^dtxiSltiticttffiC/liNADPH *Kl5a£ 

0 2 (B) 14. H65BaaraiC*>lt6 P. /W^'J/cv Old 
Glory Blue (0GB)7E©?E#f6 ili ^ © 3'. 5' - t Ko + s/7- 

•tfsttt^r, tlc 7*i/-hot-h7yt/77U 

( I ) SPS 1 ©7E C*«&. WCfcoi?* (5$ <25ra) ) : ^* 'J 
>r->^^3' , 5'-bKa*->/Kfc»i*&'<>*bKa*i/ 



1 



7 =7><J >^cr>(B^Wie». (2) &S2©?E HUfco 
IX* (££ 25-35ci) : J: 9 iKl* 3 ' . 5'-tKo*->5--tfU 

^7v^n?r, > * t k o * i/ ? 5 ><y >^oitfia Ltz&m, (3) 

35c) ) : ftffi 3 ' . 5 ' - fc K a * V 5 - * m ft, ( 4 ) 4 
OTE (**©fH^*:TE* J5H§flliI (&£ >50ea) ) : ftft 3 ' . 5' 

- t Ko * > v --tfffitt, (5) «»5®7E ( + 7>ICWU*fc?Eo T 
^TCDJ^SH) :*itt*Ite*l/'<4,CD3'. S'-tKo + S/?- 

0 3 (A) Iti/ h 9 OAP450*3- K * oRNAt^cd « itft Sir 

7; yfiEWiii - K$s^r*$nt^5, swiss-prot-t 

-^-AC-X^tifffcr*^ h ? □ Z*P450E#HD 100 96 KfiPfcT 6 

T - yaiisreBintfeo, -eUTXdffiu^/KDE^o^s^ 

0 3 (B) (i, cDNA5-<7~5 U -fI**£«DS/ h 7 aAP45Q#?- 
PCCP450 ac^pCGP454 ©PCR «43'0^«i:$ffl dnfct'J^Oft^ 

* L, te^t'J3 , 2Stf 4 It-en-enpeiuescriptCStrategene) 

- 20&ai£7*5 -<*7-E59(C»lc:L^o tMlfttf2 (±pCCP450 
*© cDNAfcA SB ££j£-f ft. t'J^ 3 .gy 4 !£ 
PCCP454 *©cDNA#Ag5££&r*fci!>tCfflm£ftfc 0 -JftftSft 
fccDNAfl*^ ©&7nli03A(::;ni* ft* CD £: m U "C & 0 „ ^ ? * - E ~ 

0 4 <A) i±, PCGP174 SCfpCCPl75 *^»T^ h 7 a AP450f^ 



?*£¥B-500239 (7) 
^ dna BffK-oa^^s^-c^-Sc P45o=mt^miz j: o^^n*^/. 

e^Ky-f > (Haeo) £#-3, -«t ft 5 ft tz > h 7 a AP450cDNA : 
Srfr I = 900bp Br* l±»S t LTpCGPl42 DNA t'l^5S 
6 *f8 Vv*PCR iZ X 0 » *n : «rK" 2 = I. 2Kb fiftf-fl, pCCPl47 
©Salt -EcoRlfcffcK J: OHHltd ft : Kit 3 = 750bp Brfr(±»at 
C T pCGP 1 58 DNA £ffl<^, * »J 4 & 7 £ ffl V** PCR tz J: »} ft «i 
ft : BrH- 4 - 670bp »rtf*l±, PCGP160 ©Pst I - EcoRVffiftt" «fc *y ffi 
tt£ft : Brfr 5 = 150bp Brfrl±»fit UTpCGP454 DNA *ffll,>, * 
'J ^ 3 SCf 4 ^ffl^i PCR t;:J:9»£ftfc 0 ^ T © ffi £ $ ft tz ffi 
frli rttfi&tf^ffij ©Jgtc£© t £ ■? LX 9t P -dCTPCJ: 0 

04 (B) - (H) IJ, ( i ) pCGPl 42. (ii) PCGP147. (m) 
PCGPI58. (hr) pCGPlGO & £/ (v) PCGP454 * £ ©cDNAlf A SB l= o 

^ip-To cDNA-7 -f^7'J-*^o-r 0 T pCGPl 74 Sc;pCGPl75 * 

0 5 (a) (B) iun-en^7^; kpcgpi74 acjfpCGP^s 

0^0r7A«gT«5, cDNA#AeBli*£IST?F;*nT4o 9. 

ScDNA»ASSOEcoRIfiB{Stl± 5 ' -M&tZh*)^ * LTXho I Sgtett: 

3 ' -^StC*i 0 

2 6 (A) li pCCP; 74 CwN'Ai¥ASO 3 ' -■g-*i;i 970-73 
flfcDNA 7"d, hOt-h7'Vt/77Tft5o «-U->l±^0^ 
*-.ar.yffi»^£mtt£nA:£RNA O20^^^D'^^■>y;^«£-^^A^ o 

l-5(i, rtt^ac/^&j ©5i:E«t iTEOft^aracD 5 ocd 
^-5SF5 ( l - 5 ) It 5 0GB OSS (limb) 0 : Tli, 

a© 3 - 4 t,coOGB Offa«T*D ; Lti, 0GB O6i§(BI<0 



5S£^£©£ffl«T*9 : ILli, 0GB ©6iSlfflcD^i^'i©7'/t'=i 
-*/ft7t$a&3nfc3S&»T*9 ;V23 (i®S3-4©TE^^cO 
V23 OS St (limb) ffl»T*9 ; R5l (± S © 3 - 4 <D TE^ O R5l 
TESfflMT* 0 : VR(±, V23«R3l OF.iiaoafS 3 - 4 ©7E^ 
TE^SSffltt-C* 0 : Sw63l±, Sw63coaF5 3-4<OTE^^cdTE#S 
: *LTTh7 (i. Th7 ©®PS3-4^«i©?E^SSffl 

0 6 (B) tiV23,R5UV/R)P 1 ttaoRFLP^«f^«icoftSW^^- 

h7ytr77T«a. Xba i r/9ft$ n^y y a dna ?j<pcgpi74<d 
3' -m**iZ X *>-?a-7Zt\tz 0 Tra-rdBK'wryy^x 
? ISiftiH^ TE®5a«^T3'. 5' - tKo + ^7-if« 

t£ ( + ) ^s*r -5r^r©Fi«ittitr*>i>T«a5 $ n/io a<^-<^ 

'J y W XT5'<> K (RFLPfO K o ^ T CO RFLP« X m * <0«t^(i 
oWT^$n^io V : V23 -8RFLP, R : R5l - WRFLP. H : ^ 7- 
Dffi-^tt (VR) . 

07 (A) t±pCGPl75 cDNA»A2503' -fflJ*IC«t 9 7*0-7"$ 
n/tRNA 7*a 7 KOt-h7y*r77Tft5, *U->{i^Ofc 
©^<3>i»a$n/:^RNA©20tfg©^>y^$^^rL/ic l-5(i. 

aSirfcftiTEoOGB ojg©ffl«T*0 : Tli«©3 — 4CDTEfr^ 
OOGB ©fffflJfCfcO : LU, 0GB O 6 i9 IB) Ofli^ ^ OSeffl*-C 

il(±, ogb osaraossfe^^o^^a-x/issAffladn 

A:*ffl«r*0:V23li, a^3-407E^tiOV23jg 

0 : R5lli«fS 3 - 4 ©TE^^CDRSlTESfflltT* 9 : VRIi. V23.R51 

3-4O7E^»=»<07E^jg ffl«T^0: S»63fi, S«63 
©Sfff 3 - 4 CDTE^ *co?E#a»fflaT£ 0 : * L TTh7 (i, Th7 

o«ra 3-4CDTE^^©TE^Qiataai-c**o 



0 7 (B) it, V23«R5l(V/R)Fttt»©RFLPfl-»* 
- h7-;*/77T*i, XbalTfcffcLfcY y A DNA ^pCGP!75 O 
3' -S«i:J:07'o-7U; o pCGPI75 7^ o - ^ ffi ^ T » ^ n 
5RFLPtt^lichi_- A^ o -7'^fflV>r»fa$ n*po«Si:l5l i;T 
V : V23 -«RFLP. R : R5l -«RFLP. H : ^-roffi-^tt 
(VR)RFLP o 

0 8 l±. PCGP602 ©»I(Rl33SiS0<O^^Tr7A2^r*^«, ^ 
a-->rirffl^^-;^^-^^< cDNAffASBOS $ jt<, *»T^t 
$n^„ C n <=» ti«I3-inpI8aynpt9fC^7' ? o > r$ n, f L 
T/T$n4t 'ja'J^Utf Ky7>fT-E5il^fflt^TE?iISi$S 

/Tf, Sl = ^5 -f l : S2=r?-f v-EH 2 : S3= 7*7 Y 

^-E?93« ATG li^f-^-->Ht&3 K>£ij*L. ?o->ofi3 

0 9 (A) - (D) (ipCGPl76 Sc;pCGP602 * £ © cDNA* A 25 <D 

? ? u^-f- KSJnay«is$n47 s y»E?n^^-r 0 PCGP602 ^ 

*©#AgBti. *3n4iEJl$tt;, PCGP176 »A0© 5 ' 
i8 3j< £ ED d J: 07P$n5« 

010 (A) -(C) lipCGPl75 ^^OcDNA»A250 ? 9 \s * * K 

E^aamssn-sT s j mEnemr. 

0lll±pCGP6l8 0^80/^7/7 A$/Tt*5, PCGP6I8 (i. 
3Bm^^ ^-pYGA22n ^coR^ry-tr^T/Wxt K — 3 - 'J >8f 
t Koyt-t/^ot-; - (PGPD) ®atZpCGPl75 cDNA|*AS5£ 

> XfJ &HZ 9 n - — > 7 T £ Z tlZ&QftU&tXtZo pCGPl 75 ^ 
£©cDNA»A&*EcoRI-KpnlBfH- 1 L*C, pYGA22m CDHcoR[/Kpnlffi 
fcfr*3£r-5*:Srtf4:i!*3 E=BcoRI. H^Hijidni. K = Kpnl 



— 7 — 



X =XhoI . IR=2am^57; K©a«cEtt, TrPl = Trplit 
Ap=T > fc* i/ U >iftt?-*-o 

012 (A) 11, SKtUt'H-t'J >y- >£f£ffl LT©»*tt* 
ma©3'. 5' - bKa + ^5--tfT 7 -tr-f«'inr« Z (D * - h 
5yty77li, T^Xi K PCCP618 tz X *) JBHIEiSIS n^BS© 
ffimttMCJ:*, 'H-t'J>yi>C3' , 5' - tKa *i/Jl<tm 
#t*'0* kKo*i/77'W >-©IEft^^-r (lft£/2) o & 

&tt 11 tfcfii £ n^X^ -» (C) • 0G8 © 3 ' . 5' - tKo + s/ 7 
t'J r/Y^ycD^Z/^b K o * 7 5 >< y >^©e»t> 
^$n-5 (OCB C)o 

012(B) 11, t Lt'H- i> fc Ko*/t,-fe^ > 
(dihydroquercetin^ffiffl LT©, BSftffittJ© 3 ' . 5' - fc K 
a + i/5--tfr , -tr C © *" - h 5 i> it 7 7 7 (1 , 

s KpccP6i8 t=j:O0»is»snfcB«©*aajfcicj;-$«H-'7fc k 

a y /Hrf- > (DHQ)©*H- i;tKo» ijtf > ( dihydromyr i cet in) 
(DHU)^©£ft*^T ( 1 2iCf 2 ) o JBK1Ett^nT^>iC^B#(Z 
fct*Tti 3 ' . 5 ' - t Ko*S/5-^Stt(l«aj<*ntt/7^fc 
(C) • OCB ©3' . 5 ' - fc K o +■ i/ 5 --tftc <fc * DHQ © DHM ^ 
OC*fe?n$n5(0GB C)o 

01311, iHtut'H-t'j >y- >£-m^T©B«ntffl%© 

3 ' , 5' - fcKo*i'5--t?T 7 -tr-r.£^-r« -Ot - h7:>.t 
7-7711. 7*5XS KpCCP618 StfpCCP620 C «fc 0 Jfc K £ ft 3 n A: 

B*©»aiai; «t *, u >y->© 3 ' . 5' -tKo*i/ 
/Kt»*»*^>^ fc k o + 7 7 y v^oeiftt^f (-en-en, 

1 &C5 2 ) , PCGP620 Jfiffl&*£f9£nfcg££: £ d 3 ' 
-fc KD*i//l.fkx'jty;ft-A (eriodictyoD&tf UOt 



«S¥B~500239 (8) 
•j >y->S5?©a£*£*x,T*> o, 3'. 5' - bFo + n 

nti^ii»BSi;i*i»rti3 ' , 5' - fcKa4 t *>7--tfffitili«| 

01411, 7-5* i KpCCP90Oj< 0^7 L5ipT*5 0 
<fc "5 I- , PCCP602 S©cDNAl* AfiS^SSgi^ 7 * -pCCP293 ©y a c 

01511, ^T^-TOTE^ft&iillScDa'. 5' - tKoti/,-' 
•tfr ?t^^,Tt 0 C£0^--h5^^^57(l, Skr4 i S»63 ©ft 
#J3»S» (L)?(=ffiU*csu©3'. 5' - b + 

CH-^-'i >y->©'H-^>^fc Ko + j/77'<; >-^©t£ft) 
*<ffS1-4:t$/TtT^i, 2»ffl©Skr4 x Sw63/pCCP90 K 5 > 
^•7x^i^^ (T/C 1602RCFT/C 1603) ©RSffltt (L) **iZ*fM 
i:R^WI5tt^^hfc 0 # h 5 x-y ?Skr4 x Sw63 

h axti 2 aa©pCGP9o h7>^yx- 7 fo^rno?E#ff (T) 
©n&mi&i- 1> 3 ' . 5' - t Kn + i/7 --effitt37<«feai$n^ANo 

0GB (L) RtfS (T) ft^fi«©»a^(r * 

>y->o^>n Ko + i/77^<; >^©f£ft*»7n$n*» 

016(4, »»P - 5<^*nfcHf 1 eDNAd J: 0 7*0-7*$^/; RNA 

( 1 ) P. 7* y (P. hybrida)cv.0GB©ft#, ( 2 ) '< > - 
©TEtt, (3) i? t**-f *©"S, (4) -*-*©£, (5) - 3f7 

• T 5 h (Nicotiana alata)©ft, (6) 7t*77A (Ageratuo) 
©ft** £i&tt£ n/r£RNA ©20// S © 1*" > 7*^ *3-*r L f:« ASCf 
C©fc*|-ffiffl Lfc7o-7(1660bp 8aU DNASr it C fi& ^& L , 
I. 4Kb EcoRl/HindfflBfK-^C ©fca6t;ffi^ Lfc, ffiffl Lfcftf£fcft= 
ll> (A) 55*CCT6xSSC. (B) 50"C 1= T2xSSC. (C) 65riCT 



0. 2xSSC T i> -s o 

01711, »«P - I cDNAir Jt 0 7*a-7^F nfc-*1f >7*a 

7 Nt-h7ytr770?S2/7Tfi4o * U - > II, EcoRI 
"Cm ft *n A: 10m ©DNA S-^WLfco DNA V > 7 >U1 , (1 ) -r* 
X, (2) t7>/7>fU, (3) SJ + JST-f*, (4)*=U£ 

c;. (5) 7^i^^tt$n^o fc^fcfMi, (a) sorter 

6XSSC , ac/ (B) 65r(CT2xSSC T&^tzo 

-x.';^-y?^d--/l, (eriodtctyol)av ^ fc Ko^x/btf > 
(dihydroquercet in) (ICarl Roth KG^^A^L, -eLtt ij >y 
- XlSigma 7^ ^ A# Lrco ytKo;ijtf Xdihydrooyricet in) 
(iVercraysse£ ( 1985) ©^fe tc J: 0 £ U -tr ^ > (oyricet in)^ 4 
ft^«(Z^fi£L^ 0 C'H) -7^';>y-> (5. 7Ci/moole)a^ C J H] 
-yt Ko?i/ttf > (12. 4Ci/minole) (1 Aoerchaofr* iAI L 




ffiffltAi^ffl® ( Eschericia coli ) «E II * © 3 0 T * o Ai« 
DH5a supE44, A (UcZYA-ArgF)U169. 0 80UcZ A U15. hsdRl7 

(r fc _ . m fc *). recAl. end Al. gyrA96. thi-1. relAl. deoff. 

(Hanahan. 1 983S C/BRL. 1986). 
XLl-Blue supE44. hsdRl7(r>- . o.*), recAl. end Al, gyrA96. 

ttn-l. re]Al. lac", (F* £roAB. Ucl \ UcZ A Ul 5. TnlO(tet')] 

(Bui lock*?. 1987). 
PLK-F' recA. hsdR17(r.* . a. »). ncrA". tacrB". lac. supE44. |MK2. 



galT22. oetBl. IF' proAB. UcP, UcZAMlS. TnlO(tet')] 
(Stratagene). 

mil iZ $ tlfc (disarmed) 7/o/<;f'JU. 7>7t->i> 
X ( Agrobacterium tumefac iens) AGL0& (Lazo^, 1991) (1 
R. Ludwig {A'J7t ^-T7t^itt^gB, ^v^^yi/'y) ^e>A# 

? o — r. > 7 ^ — pBluescript S pBluescr ibe tlStrategene 
^^A#L/to 

^ffiSDHS a lfflfia©BW€»(l Inoue <b ( 1990) O^Sc'tfot 
fc 0 a > tf > h AGL.0H583 £ , 50mL MG/L*ife (Xtt) ClSm 
»28*C-C16^1BI*«LrafiLA:o ^©100 m L IZ 5 m 8 © 7* 5 X 
i KDNA ^SD^5; tCiO, 7 , 7^; KpCGP90 (014) * T r a 
'<?f'Jn'7>77 i/i >^AGL0tt(ri»A Ufc* fellas 
hffct, -e-LTO.SmL ©85« (v/v)100mU CaCl»/15« (v/v) 
7 y -fc a-;^i:i?Bj5Lf:, ffi(*N,^-C 2 7>(BH'>^^^-h-r 

5ct(rj:0DNA -7ro.{?f'j7a^a^»aL, *it»t 
ii37*c{»r 57>ra©-<>*a^-^3>icj:oaieufc 0 *tc, dna/ 

©BiS^ttl*^ «al=107>Iffl*Ji(Cia^/io J*c(C, OS&£ 1 oL©WG/L 
iff ftbl^flD JC, * t T26X:iCT16^(HIS >ta^- h 

L/t, pCGP90^- fl"? - 6 A . 7^7t i/i>XOl0Sat, 100//g/mL 
©y >?T>f i/ >$*fft ^MG/L*^y 1/ - HTlRLf:, y > 
9 ^>»t4JBKlEm<***lJltt$nfcDNA ©^-»f>7>«FfC«k(} 
pCCP90©ff«*»S 

ffimLfc^^ a -T '^^7')/ ( Petunia hybrida) © a a * 

s 2 ctp-t. 
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Old Glory Blue ( 0GB)F. Hybrid 
V30 Anl. An2.An3.An4.An6 

An8.An9.AnlO. Anil. Phi 

Ph2. Ph3.Ph4.Ph5.Hfl. 

Hf2. Htl.Ht2.Rt.Utl.Ut2. 

nfl. po. Gf 
V23 Anl. An2. An3. An4. An6 

An8. An9.AnlO.phl.Hfl. 

Hf2.htl.Rt.Po.Bl.Fl 
R51 AnKAn2.An3.an4.An6 

An8.An9.AnlO. Anil. 

PhI.htl.hf2.Htl.rt. 

po. bl.fl 

Sw63 Anl. An2. An3. an4, An6 

An8. An9. AnlO. Anil. 
Phl.Ph2. Ph5. hfl.hf2 
htl. ht2. rt. po. mfl. f l.Gf 

Th7 Anl. An2. An3. An4. An6 

An9. AnlO. AnH. Hfl.Hf2. 
Htl.Ht2. Phl.Ph2. Ph5. Rt. 
po.nfl.nf2. Gf. f 1 



Ball Seed. USA 
Koes£ (1986) 



ffallroth£(1986) 
Doodenan <*> 1984 

Wallroth£ (1986) 
van Tunen £(1990) 
Doodenan £ (1984) 

I. N. R. A. . Di jon. Cedex. 

y 5 > x 

Doodeman £ (1984) 

I. N. R. A. . Di jon. Cedex. 
7 5 V 7> 



»^¥B-500239 (9) 

Skr4 Anl. Ao2. An3. An4. Ao6 I. N. R. A. . Di jon. Cedex. 

Anil, hfl.hf2.htl. Phi. Ph2. 7 7 > X 

Ph5. rt.Po.Ufl.Uf2. fl 
Skr4 x S*63 Skr4 x $"63 F.tta 



Rwl4 



Rp57 



Rp57 x Rwl4 



Anl. An2. An4.Phl.ph2. 
Ph5. hf 1. hf2.Htl.Rt.Po. 
Bl.Lgl.Lul. Vsl. Vs3.Vs5. 
la. Ygl.»s.Gf.Utl.Uf2. f 1 
Anl. An2. An4. Phi. ph2. 
Ph5.hfl.hf2.Htl. Rt. Po. 
Ut.Uf. fl.Gf.Bl. Lgl.Lul. 
Vsl. Vs3. Vs5. Ygl.is. 
Rp57 x Rwl4 F.»a 



I. N. R. A. . Di jon. Cedex, 

7 5 y x 



I.N. R. A. . Di jon. Cedex. 
7 7 > * 



22-26*C©aS(CTJSt^T$-t*-f:o OGB © TE*& tz 3E tt T * 5B£ S F5 

IZ t?^TiR« LfZo 

&f£l 'OIJ^^Hbtl^ (&$<25ma) 

&F52 otf *A<W (S £ 25~-35ra) 

&F53 : S3#&<Z>olJ^ *HHa<£l;oo£* (££>35ra) 
&P5 4 : E?tt&0fl7E, ISSWtt (5$ >50c) 

a 2 tcEC-r^facoaaoTE^. ft*&#»a©&©-ci5©M$i 

3 ' . 5 ' - h Ko 7 ©T yfr^©fca>©tt&&iti 
ft©CIB 

«ttffl«*2-5e*a©*»L^ttaja»tt tioomu «;>a*>j 



^ ( pH7. 5). 1 oU EDTA . 0. 25M > a - 7 a - x , 0. 25M^> — 
0. 1 % (v/v)BSA . lOOnU ^^X^f >, lOOnH n-f^r 
>. 0. 1 og/inL PUSP . 20nU 2-y^*rKx*y-vU&CM0 
mg/mL* U ? 5 (poIyclar)AT ) 1>T**y t-f XLf:, * * S> * 

- h €-10. OOOrpm K T JA20a - - ( Beckman) * T 4 r K T I0?> IB) 
i3<OU -eLTJiflTcD — S5*3'. 5' -tKo + i'7-tffttti: 

3'. 5' -bKot^^-tfTyt^f 

3 ' . 5 ' - t Ka ^ ■> -7 Stotr SCfForkmann 
( 1982) J: 0£«£nfc;fri£©£i££ffl^Tat!l£L*:o 7 ? t -< 
StfS^tttiUfifcMCtilOO xxLOfflmfflffla, 5tf L©50mU NADPH 
/T ? -tr-raatt ClOOmU y »; (pHS.O). 1 mU EDTA . 

&tf 20bM2 - M*7U^;-^) , &CM0*£ Ci© CH) i- *} > 
Y-VXli 5 //CiO (»H) y t Ko ?x4/tf LtfcO, 
* LTT 7 *-f mmm\Z J; 0«l*tt»210 tfLCUfc, 23*Ci:TZ 

— 16^fflco-r'>^i^-^3>oa % KlCfi^a^O. 5 oLOftSx 
^A-CffifflUfio R8xf rt-ffl^JlSRJIL, * LTlOxi L©#6* 

^icHSfflUfc, h *) *fr<tZtlti7 vtf J 4 h'&*&* Jla 
-x»iri/-h ( / yl/ Art5577 . &S) JbT, ?ootJ^/ 
ft»/7k (10 : 9 : 1 v/v) » ?W # * 19 ^ T & tt L • ? o v h $r 
77^ - ©^7015, TLC :ru-Hcx--rrt**7W (v/v) 2. 5 

y 7 ^ - /U * yt Ko^x^tf >Stfi;t Ko 5 /Hr f- > « m 



35£P. 'W^'J ^cv. OGB^.^iKS L, * L T U ffl* * T 1 ad 
(C^Jofco fcK. *K-*2« (n/v^^a-Xfcfc-hKSt^if, 
LT24. 000^ y 7 X © jt & S C 96^ IB * S U o 

cDNA 5 -<lg>ftg 

3 - 4 ©OGB ©7E©aS20g 10oU^<-#- i> «; # 7 ^ U ^~ 
> K»#^*^TT-SPEB (200fflU Tris-HClC(pH8. 6). 60mU KC1. 
30mM MgClt. 25oM EGTA ) IOOqL ? T * * '7 1- 4 X b tz c * * * 
- V £&B&<OUiracloth(Calbiocheo) tea LtiliSrs 
*fflSStf-*fi** L/C, Ultra-Clear ™ Quck-Seal ™ (Beckman) 

a^f-i-7*1>. 25« (w/v)i/a- 5^ D-^SCf250 ^- - ^ 
InhibitAce ( 5 - Prime 3 - Pr ime)*^- ft -5 6 mLOPEB , 3feCf(r 
50» (w/v) i/ * - ^ a - ^St/250 J-x -r h © (nhibi tAce£ -£ftT 
Z 6b1©PEB ©SPffW«3E©i:gS(;*» ^^-7*^70Tia- 
^ -ef»T26.000rpo (CT3. 5 (Hi iS O „ 25« (w/v)-> a - ? a 

* IsXAM V i/T -7 >&mizm*.tZo Turpen&tf 

Griffith ( 1986) tr J: 0 C« $ *1T «fc ■? L T5. 7U CsC! 1 y 
i/a>*iflUT^U^ KfcTSCtlCfcORNA *SttL/i4f 'J */- 

Uni -ZAP Jm XR ^< 9 9 - * * r- (Strategene) *fflt^ 
U T 'f J — RNA ^25xi gfiSffl l/T A ZAP * K 7 s -r l/7^ 3 tA 
cDNA 5 -f:7*5'J-£-f*fiLfc. 250.000 7*7 - 9 B&zi— y h (pfu) 
^:*Wr*-^>C5-r7*7 , ; -*NZY 7* U- h (Saabrook'i, 1989) 
J: T ©-«*«(;: J:0*t«L. ^ItHfldnr^T-^xh,; 
^-Saobrook'i ( 1989) iZ J: 0 EC $ t\X J: ^ tC L TPSB (lOOmU 
NaCl. 8aU UgSO.. 50oU Tris -HCt(pH7. 5). 0.001 » (w/v)-tf7 
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eDNA^ ■< 7 5 'J -t2C0fEg 

±RNA P. *W 7 U ^cv. OGBCO&JB 3 — 4 CD TEco ?E# 
TurpenSCfCriff i th (1986) 0^^1l»T$«l//:, # U 
(A) * RNA £ fitl 3E±RNA 3^ S 3 If >f ? /V CO * y ^-dT-b/Vo-x 
?D7hr?7^ - (AvivacHeder. 1972) CJ:Oa«lfco 

2 tf gco* y ( A) * RNA IX Superscript ™ £ 
lOoM^f-^XU-f (*->t/. 500tfM dATP. 500// M dCTP. 500 p. M 
dTTP. 500 uU 5 - / v^t/ - dCTP. 0. 75 u 8 * % ) * ? 7 t' * KI8 
5tf2 tf L Superscript T " i£«E^»* (BRL)£*t;20tf L + 
Tifeg^Ufc, ££S£tb£37"CK-C50#fHk 44*C IC T 103* [B! -< > 

3*-m5£S£& (uo * D *»-«stcfi^«(;aix.fco s* 

M£l£fi-&aMi21nM Tris-HCl. 104mtf KC1. 5. 3mll UgCU. 171 
UU £-NAD. 11. 4mM(NH«)S0«. 214;/ M dATP. 642// M dCTP. 
214 //M dCTP. 214// M dTTP. 4 mU DTT. 10 u Ci ' 1 P - dCTP(3000C 
i/m oole) . 15jl— 7 r-*SBffiDNA 'J 2f--t*. 40 jl— •? h DNA y 
y 5 -if (Boehringer) SC^O. 8 a-? hRNAse Hitr "jSco/t, ft 
ftS^tt^lS-ClCTlSO ^IBIW h Ufco 2*ificDNA£¥ ; 

»^ja<t"T -5 10J-- y h OT4 DNA'-tf ') * 7 - if * U 

TSlt*16r (IT $ *C15#!Bltttffco SlS*«tlhL. cDNA£ 7 x 

EcoRI T ¥ ~f 9 — (Pramega)£cDNA(::*t£ U * U T e* K 82 it 
CJ:OffiSSnfc*#*fflV^T + +---tfagL/i, fiD& (70*C, 20 

#) \z x ^it7i;-A/;oDt;u}i&ai 

IkXf 9 J — 2t fi (C J: 0 DNA *»atfc. cDNA£50a- * h©XhoI 



(Boehringer) (; «fc 0 , lOOoL ©g£»a«t>T, fiiS^OffiST-S 

3fcf*£fflWTfl?{fcLfco B*£in»*:f£<*<tr (7or. 20^H) . * 

LTfi^tt*. STE SIS (Saabrook*. 1989) 4»T¥*fc$ft*: 
S400^/<>*5^ (Pharoacia)ica Ufc* Sfflittt; W - A/j 

CO^W ? oiS^^ttCD», cDNA^ U v h $7096 (v/v)x * j ~ ^ x 
ft*t, 2Sie£»L, -e LT10// L<DTEtt*iff ClOmy Tris-HCl 
(pH7.5). laU EDTA ) ^C^SfflLfco 

*co -p 7. 5 *t L 4r 1 M (w/v)T^a -xy^^ffl^t *Sl8c 
1. 3-2. 5KbO^^X©S<DcDNA*mi(i^-Sfc4!)IZNA-45« 
(Schleicheratf Schuel l)£flH*fc, 

tr-r XftmZ nfccDNA*, SOiaU Tris-RCl(pH7.0). lOoKUgCU. 
lOoMi?^ U-f r--^. I mil ATP&tf 2 .a- r hCDT4 DNA U if- 
-fc?^£j£*EEo:a*iB: 5 // L*T, A ZAP1I EcoRI/XhoI/CIAPfflS 
(Stratagene) 1 a g i*tSLfc* ££l± 4 TCKT 2 e 181 

ft r>tz* 

m&tz 2 ■*HIiB^fc«l* Packagene & (Prbmega)* JS ^ T 

* 4r- *J Ufc, fi»^*CD^»i±270.000pfu-C* -a /i, 
150, 000pfuO*cD/< y y-y$n/icDNA*. PLK-F'ttBO h5> 

X7x?i/ 3 >©a % i5oa&&©:rb- ha oio.ooopfu -c^u- 

i:T-$BfKUfc, 2 tfccD >J 7 h -frColong/PlaqQe Screen™ 7 -f 
(Dupont) ±i:JSt), LXW&nti<t&%T Z J: -5 CffiS L 

is*?- Applied Biosystems PCR-Wate DNA 



fctM?Htf Kli5' - 3' O^[Sl(Ci)cOia0*C*-5/c«, 
t'J^l : GCAACCTTATICCITT(T/C)CCICCIGG 
^- 'J ^ 2 : GGATGACTCA GTAAAACGACCCCCAGT 

^- 'i if 3 : CCIGG(A/G)CAIATIC(G/T)(C/T)(C/T)TICC1GCICC(A/G) 
AAIGG 

it 'J ^ 4 : GGATGACTCAAACAGCTATGACCATG 
t 'J^S : GTTCAATTCGGAATGATG 
^ »J ^ 6 : GCTGCACTTAATCCATAT 
^- 'J * 7 : TGCATAGCTTTTGGG 

* =f 8 : GAGAGAGAGAGAGAGAGAGATCTCGAGTTTTTTTTTTTTTTTTTT 
it ') =f 9 : ATGTCTCCTCCAGTG 

* y ^10 : CTAGACTCCAATCAC 

t'jrf2»tf4tt, 2 *mpCR ^^aoata^iEiir 3 c t*<^ 

atlT^S (Len a Kemp. 1989) GCN4fe^SiHi (T>y-7-<> 
-C^LTfe-5) £S-/Wio 

^ y ^ 3 CDS Jr©f:a6©2£I»l±2fc©a 0 "C* ^> T^* KO^ 
h ? o ^P450OfflS$ n-5 hV-f >^iOTS;»EW 

(Bozak»i, 1990) RCf 2 oco^f- oi — T *> h ? o ^P450fflf^ PCGP142 
SapCGP147 i:J:t)3 - K*n*«tlCr*E?l*BEM$Ufc. 
T df * K PFGACRRCCPC 
pCGPl 42 PFGAGKR I CPG 
pCGPl 47 PFGSGRR I CPG 
3oOiaa-> h ^ o AP450CO^ A©£ffli«CD 3 >t>tX7-y 

P F G A (S) G R (K) R I (G) CPG 

3 a co -> h ^ o ap45o^ : fcd^ t~m& KH>fi:iai3n57 



5 ' -CCX TTT GGX GCX GGX AGX CGX ATX TGT CCX GGX- 3 ' 
C AC CA A GG C 

T 

Xli41Sr^t07?l/tf K (A, C. Ga^T) ^fflfflf 
is h 9 a z.P450(cm3t£-r -5 3 > -t: > ^ X E n <0 * r -tr -y h €-<Sfi?T 

-<y*v> (i) *fflv^^„ j#^n5^y^??u^-f-KE?9tiJt(c 

PCR gig 

^ 7 t - -VR408 (St rategane) *ffli»r, fiiS#tcJ:0E 

©$nfc^^*mt^T, 200. ooopfu©J««$ x zap cDna?^^ 

5 y -11^ e*^^ a - T cDNAlf ASB^^W-T 3 pBluescript 7 r - 
iS i K*«J 0 a Lfc. *ffiBXLl-Blue£:7 T - 5 Kfi-fr«M=*0 

h7>x7*nu -eux 250. ooo 3o--f7>e->'; >if 

*Hh±C^ U- h Lfc. asaa^LB (Sambrook^, 1989) tz#«fl5l,, 
* UTT/I/ A y (Saobrook^, 1989) *ffl^T7*7^ 5 KDNA 

^mttL/io CsCir 7 x > h JtTO'<> Kmfltl-J: 0 * i K 
DNA t$bi:fi»fiUfc, w O DNA £PCR ffl»aHrffll^.. 

7E# > h ? o AP45O^ft«:0l««©A:«!>C!)PCR SlSS^ til ti 5 ng 
^^lOOng COW 0 a S n f.: DNA . IOdU Tris-HCl(pH8. 3). 50oM KC1. 
1.5nU MgCU. 0.01 96 (i/v)^?f >, 0. 2 aUr ocodNTP, 0.4 
tfMfo<D^7 -f *7 - a 1.25a- r hcoTaq ^ y y 5 --tf (Cetus) 
SlCS^tb (50 a L ) 94*C. 48"C a C^72XI OIHI T 

«-s«i-*ii*T i »raro, 3O0»* Lf-io n^Sidta* 

Ceneclean (Bio 101 Inc.) *ra^TYAfilHL, ?a-->rco 
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fc*i:+^al^»5fcAi:ffWOL, * LT&i::T4 DNA* »J > 7 
T*ffltt«l/fc. * Y 1 & tf 2 *ffl^Tif03 LfcDNA 
*HindHiac5Xhoirfl9ft: Ufiai^pBluscripttr ?D-->nfc. 
^'J^3acf4(aiOit*3(CJ:0^l;fcPCT Hoi tonS C/Gr 

ahaa(1991) iZ X 0 E © £ ft fcddT - <r W ^ pBluescr ipt t-Sffi? 

cDNA 7 7* 5 U - CP * ? 'J - ^ > r 

50« (v/v)*/VAT $ K» 6xSSC. 1 % (w/v)SDS. 42 *C K T 16** tffl ■ 
aagfe^ : 2xSSC. 1 96 (w/v)SDS. 65 riCT 2 x 15^13, -Iftl-Jfc 
§0. 2xSSC. 1 96 (w/v)SDS. 65 tCt 2 x 15^13) */?H*T5l& ? 

o->^«tiliL, ^LTS^h 1 ; ow 7* 'J 

■tf- 2/ ■ > : 20K (v/v)* 7 5 K\ 6xSSC. 1 K (»/v)SDS. 42*C 
(3TI6^lffl. Stfttfr : 6x$SC. 1 96 (»/v)$DS. 65 V\ZX 1 ^ IB ) 

£rna *, jff*N,«j»-caifeu^fia^^mttu. -eurn#tn 

$ffil>t9!9»L^. 4M-f 'J**i/T >&7T-iS V, 50mil 
Tris-HCl(pH8. 0) . 20my EDTA. 0.196 ( v/v)Sarkosylco*6fflS« jfc 

$£«i:$!hl, -e l ra^ a ** *asT * no>«m»Ti 

3- la** S>+- f * L/:, *3S3itt*Miracloth(Calbiocheo) *JS^T 

-tLTJA20D-^-^T10. OOOrpn (C T 10t>!H! iS<l> t A: „ 
Jt »***!>, * LTO. 2 g/ml CsClCw/v)(c Lfc, (fcc * >7*^ 
*. 38.5mLCDQuick-seaia^f*a-^ ( Beckoan)* T 5. 711 CsCt. 
50fflH EDTA(pH7. 0)©10mL7 y *> a * LTTi-70o- 

*-*fT. 42.000rpo iZT\2— 1 6*? fH" 23*C ^TiS^ L fc 0 ^ U 



? h*TE/SDS (IOdU Tri s-HCl (pH7. 5). 1 all EDTA. 0.196 (»/v) 
SOS) + c:ff"ftffl L, -eit!0«y EDTA(pH7. 5)<t>Tteft£ftf=7 * 
y-A/?aa*/l/A/-f 77; (25:24: 1 ) ICJ; 

ommLtza ^^y-/vtta©a, rna ^ u •* h * te/sds* ess 

RNA > 7* ^ * , 2,2H*^/.74/f t K/t.2« ( »/v)T *f a - * 
Y /W IC «k 0 , 40oU* A^'J ;7o/<>^A*>8 ( pH7. 0). 5 oUffik 
MJ X* , 0. 1 my EDTA(pH8.0)£**r-r *fc"fia«ffi*ra^T"C 
fc8c»L*o RNA ** KiS*A<E»r i J: ■? LTHybond- N 7 

(Amershan) tZ&ffZ-£, * L T » * P - 7 ^ A ftcDNAEBf 
(lO'cpo/^g. 2 x 10'cpo/oL) i:i97o-n/:. ri/'W 

> (42*C (IT 161*18]) *50* (v/v)*^X*T < K\ 1U NaCl. 1 96 
(w/v)SDS.10» (i/v)ttaf*^h7> + Ttf-»fc B "4~f x )?4 
-tf- *> 3 «tt L/:t y«TDNA (100// g/aL) * ' » P 

7 * A^-*2xSSC / 1 « (v/v)SDS ^-C65*CtCT 1 2 SSflflft 
^U, -e OTftCO. 2xSSC / 1 W (v/v)SDS * T?65*C iC T 0. 5 — I 
S?fB!ifc#Lfco 7^;l>*-*, ^ »; - >^ffl^T-70'C(IT 

48^lffl=iy 7 irXAR 7 -< I* C Aft L ti 9 

RFLP^gf 

a . y J /- SNA c ^ s: 

Dellaporta^ ( 1983) #£tt t O t W 1= t» K L T , 
m^^DNA ^mttL/Co DNA XBKIS^CsClff^ «ffiiS^ (Sambrook 
t.. 1989) i:J;!)$^i:aRU:, 

b. t1f>7o 7 h 

y y A DNA (10 u g ) *60a- y Y OXbaltr J: 0 16**ffl m it L , * 



LT0. 7 « (w/v)T ^ o-^y;l*!Lt, TAE(40fflM Tris-T -t -r 
- K 50mM EDTA)00*tt«aiQe^r*SC*» L/-a DNA 

(1.5U NaCl/0.5M Na0H)^T 1 -1. 5 ^ HQ S£ 14 $ * , 0. 5M 
Tris-HCI(pH7. 5) /l. 511 NaCl + T 2 - 3 *IH! + fD L , -&LT^(CDNA 
€-Hybond N(Anershain) 7 a 9 - tz 20xSSC+ T # $ * fc« 
c. chi - A 7* o - 7*g)^t<l 

ctn-A (van Tunen 1988) ©cDNA?o->*. PCR cit), 
0CB ©a© 3 C0 7E#RNA ^ £ ft £ ft cDNA» S S 2oCtM? 
ntfK^7-fv-, f ttfr Sag $ ftfcchi - AcDNAK^ 
(van Tunam 1988) ©7^l/*f K6 —20** 4#9. & 

CF7 7 U** 1 K7I1-725 IxJttTSMWtttlO *ffil>T^^L/;o 
£-T*PCR ^^ttl^pBluescribe U13~ (Stratagene)O Smal SS 14 (C 

DNA 7'o-7'cp' > P- ; 7^/Vn: 

DNA Bffr (50-100ng)€-50ACi© (a-^P) - dCTPlz J: 0 , * 
'Jrf^^Aft+T J* (Bresatec) *m l^TtttttB 7 L 520 
iiift'XA-o^ (a- lf P) -dCTPIiSephadex C-50(Fine) * 7 /. 

DNA gflfl-frr 

Sanger^ (1977) O^ffi t SEH±H«C Lt, Sequenase B3Pf 
(USB. — V2.1)*ffll^tDflA EWftS^ffo/:. 7 o - V 
PCGP602 . PCCP176 RtfpCGPl75 cOS^^XE^-e, «IJ!flei;o-- 

(Sanbrook^, 1989) * ffl T » * ft H 6 U13-opl8a 
-op!9 (Norrander 1 983 : Yani sh-Perron. 1985) ^7*7 a -> 



5 ' CCTGCCAATCACCTACC 


3 ' 


7*5 4 v -EFJ I 


5 ' GATGTTGCTTGTACTGAG 


3 ' 


7*7 w v-e$nj 2 


5 ' GGAAACCAGATTTTCTTG 


3 ' 


7*7 -f 7-EJ" 3 


5 ' TTTTTTTTTTTTTTTTT(AGC) 


3 ' 


7*7 >r ^-fEjq 4 


5 ' GTTTTCCCAGTCACGAC 


3 ' 


7*7 v - -40 


5 . AACAGCTATGACCATG 


3 ' 


£7*7 ^* - 


Z ft £©E?9<Z>»o^©<iat£/TTpCGP602 ©ttRJftH(*0 


<=> ft 4 0 







Genbank SWISS-PR0T& C/EMBL5* - ^ ^ «:»-r * ffifem© 4 ** 
PASTA S CFFASTA 7*0^7/* (Pearson a aLipoan. 1988)* ffl 

PCGP293 <OftS 

»a'<-f t- U - (binary) ^ ^ ^-pCGP293 14, Ti^<-< 7^ 'J - ^ 
^ ^ -PCGN1559 (McBride R Suoaerf el t. 1990))7* £ B t* 3 fttz 9 
7*7X; KpCGN1559*K£nI"CmffcU, *UT^If}f53' -*S9* 
91 *rse*JP5*& (Sambrook^, 1989) ICff -» TT4DNA # 'J > 7 - -tf J: 

T -5 5 ' 35 ffl 35* DNA aK U j< 7 — "tM OKIenowBf W* * ffll^T t* L 
^, ^ -*S«*» UTpCGP67*»fc. Mac 7*0*-^-. 

yx . ^-j^-^-ac^a^o^o-^vrs'JtttflrT^ 1. 97Kb 

Pst i fffi't (Cooai 1990) * pCGP40* ^ ^« U , *LTpCGP67 
©Pst SSttlCff A UTpCCP293 *»^o 

pCGN7334^ ^GUS (Jefferson 1987) * BaaHl-Sac [for 

ft t ur*ao ffl *LT*nt, ^ 7 o > r»tt**c 
pBluescribe M13* ^ t> <0 BaaHl -SacIBr ft V X S J** i - t ^ «fc 0 
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KpCGP40£ft!S Lfc, Hac-CUS-oas i|£?M^#**fft 
*SrK-£pCGN7329 (Cooai £ , 1990) CD Xho 1 38 ft tz » A T -5 C t tz 
J:0, 7vXl KpCGN7334 (Calgeoe. Inc. (CA). *E) ^fffil 

pCGP9Qg>ftg 

PCGP602 £ CD cDNAff A 25 4: PCGP293 ©Mac 7 o - * - (Cooai 
£ , 1 990) <0»(r-b>X^(filir?a- — >rt5C tlUOT'^X 
• KpCGP90£ftr fi Lfc« cDNAtf ASS * BaaHI-Kpn [»r £■ 

PCGP602 ^«5.MttL, * L T PCCP293 CDBamHl-Kpn 1 ^ fttt g & L 
fco pCGP90*GD»ASBCDiEL^f*A€", f >9^<< i/>*t&&W1Z 
tt^^^mttU^DNA 0«5K»*5>WtC J: OiSfiS t/co 
Bf%^^^ - pYGA22n <DfEB 

M13-mpl8£EcoRl&Cf Bgl I Ct^ftLt, -7^f-^o-— > 
rS5t44-^t;700bp «rtf££l£3 w CD £ PYGA2269 

(Ashikari*, 1989) * £ CD 9 Kb EcoRI-Bgl I B? tf~ t *<3 U fc« 
PYGA22D £&-t Z&ZtXtzm&lt. »S7 »J -t^T/l-f t K- 3 - 
7 x - hft KDyt--tfyo%-^-oTffii:»A$nfc7 

/uf- o-- > rsB(i**/.-ci^ can) o 

PCGP618 CDfEfi 

PCGP175 ^^<O^S5©cDNAi*AS5«'*Wr5l.8Kb EcoRI-KpnIWr 
tt£pYGA22m **CD9Kb EcoRI-Kpn!«r t mm L tz. *k? Z 7 5 
X C r pCGFSi 8 ii\ y* y *c T /u =r t K - 3 - 'i >Kft Ko^t 

-•tf^o%-^-©atic-tr >x^rsi(ca^$nfcpccpi75 cdnabtK- 
£*a,t^* (an) o 

PCGP620 CDffg 

PCGP176 *£®55:£>£cDNA#Ag3££*r-r61.8Kb CDEcoRI-Kpnl 
Br**, pYGA22o(pCGP618 © f* K K o T £ & U ^ J: 1 \Z ) CD 
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9 KbOEcoRI-KpnlKH* tSBlfc, ttbhir^i KpCGP620 l±. 
B«yjt/V7Afb K - 3 - »J > ffl* -r t Koyt-^yot-; 
-cofcKHr >X^r^irae$n^pCGPl76 cDNASrK-£*ATWA: 0 

»#G-I3!5tt ( Mat q, trp 1) (Ashikari£. 1989) *It 0 S 
( 1983) tcae->T, PCGP618 &tfpCGP620 iZ <t *) & » IE IK b fc, jg 
»ett»$, G-1315^ h'jrh7T V^^fiEil (prototrophy) 

3'. 5' - b Ko^^7-tfgttOTy t>f (OfciixpggftiliB 

a. G — 1315/pCGP6I8 

h'i7 > h7 T >*^< m Jfe± (Z l««a bfcG -1315/ PCGP618 R Cf 
G-I315*fflffiM«O#-mtt**ffiWT50mLcDYNBC (7i;8^ 
*B#*--r ho^iV^-^ (Difco)l. 2 « (w/v). 2 S« (w/v)r 
^3-^Stf0.3« (w/v)**f i y a (Difco)) c^au, 

±D^l/ ? hftL, -eLTi^o 7 - /•Sa^Oeda* ( 1985) iZVS, 
otWfc^, taittttffllt<03' , 5' - t Ko + ^7--tfgtt 

®»L fc 0 $ ? o y - A ^U*h£400tfL©a«ittA ClOaU 
Tris-HCl(pH7. 5). 0. 65MV JU h" h - /I/. 0. 1 oM DTT. 0. IoM BDTA) 
tCBSU * b*C100 u L ©«f >?A,£ 3'. 5' -tFo^i/ 
y -^SttCol^tT ? -tr << Lfco 

b. G 1315/PCGP620 

G - 13I5/pCGP620 CD JH- jHttf*£ffl H T20olCD YNBCK Si b, 
«fc 0*36, TE(C«fc 0 1 G3&Cf&3r&A(Zj; 0 1 ESfc^b. tltft 



(C If -< * 'J T — -tf 100 T (0. 1 ng/nL> (feft^XSI) ^tfT5 
tf*SIB ClOmM Tris-HCl(pH7. 5). l.2»'Mfh-A, 0. 1 oM DTT. 
0. lmli EDTA) ^(Cl¥«fl3 Ltz* 30r (ZT l^lBlO-rv^i^-i/a 
><0», (BSS^a^^ttfCtO^UyhftL, -eLT400 u 2<Z>& 

mm A^pizn mm Ltz Q ^t:. teflssgsitt^^T ^ t*-x 

0.4ma) 2 3> (S ^ ? ^ -tLTlOO ^LCD"t>^^ 

£3', 5' -h Ka + i/7--tfffl4f;'3^r7yt-f l/: 0 

a. «taw« 

i r.T • A-f yij i< (Skr4 x S*63 . &(*Rp57 i RwU ) CD 

25« (w/v)9tsa3itat h >; 7A + tio^raasL, -e-u 

TfeESTK^T 3 IsISfe^ LA:, «a$nfc«^4l00mg/L CD i> ^ u tj 

(GA,)S?ttC16— 20^(8ISai Lfco :n^, 1 % (v/v) 

^i-;o-xat;0. 8« (w/v)-r a V 3 (Difco)'< ? Y 7 X - t 
»3ELfcl0* (w/v)MS(Murashigea^Skooy. 1962)±r 2 aiHJ ft^ 

^^§1^4, 3 96 (»/¥)*> * - 0 o-X*<»3t$ n^MSftlSC 3 
aiHl^U. toXZ'J? 4 - - fcT- h (Jiffy peat) ^ U ^ h (Jiffy 
Products Ltd. /^^x-f) ft SflE CD t 1 1- t , * L 

T 2 - 3 araft&tf Ufc <135 tf E. «i{fc , 7jcffliT22r) • Kir, C 

n«io^«tjb*ffiw+rb-*,h (68 tf E. »eas)tJT, 25-0 „ 

(co-cultivation) ©/;4D, £^**iR«L, -eUTI.35 

» (w/v)^ffita*a^ h >; ^A^T2^iBiafflu, «ctcfieas*^-c 
3@ft*L/:, ^)5^;a^ffl«425B«• cdie^ ©trw»f f ito.os 
08/icD* -r *f >ac;i. 0 o«/lcd 2. 4-y^oo7xy + 

<2. 4 - D) LfcUSJff«B±r24^raS9iS« CfCo 



'<>f +■ 'J ^ * -PCGP90 (014) ^^trT^a^J'f 'J . 
"J / 7 7 * AGLO (Lazo*. 1991) 4r 4 ti:t, lOOmg/L CD 

?y 9^4 y >£**TT 5UG/L (Garfinkcl S CfNester, 1980)*!^ 
^U- h±fC&^L,^o 1 « (w/v)'<? h • h 0. 5 96 (w/v) 

/<? h©Sx*x&t/ I « (w/v)NaCie^Wr 
3a---£ — &t$m£ -tttZo *CDB. 39tf (w/v)i/ a - ? o - X* 
-5ffi»MS«r«6 (BPH)«f-cD^«(Z «fc 0 5 x 10' IffljSa/mLOft 
«-aS*BISOfco SSOx-f^?*, ACL0/pCGP90£**r-r* BPM 
fcaaifc, ^(CSSCDx-f ^ 9 fcfiECDJtTKflt U> f Lt^ff* 
Strife ±iZ 4BBBl^. *ff*«*«Bf±. 0. 05O8/LCD * W 
Ryi.O Dg/LcD 2 . 4 - D #tt?E£ nfcSH(Schenk R CFHi ldebrandt. 
1972) ^^fitO, * UT*#*««tti:-affKtta<-»fc*'<3tt» 

c. h?>^^x — r a -T«1S)Of¥i 

^?3c«F«6Da, 36ffia**®a^«ifil-» Lfc : Skr4 x S»63 © 
f=-<*?li, 3 « (»/v)i/ x - ? o -X. 2mg/lCDa -^>i?A7 
;;7*'i> ( BAP), 100 og/LA-*-v>f ^ 350 og/Lt 7 t 9 * '> 

(cefotaxioe) StfO. 3 X (t/v)*5 < h • -tf 5 > • if u 
(Gelrite Gel lan Gua)(X>T X) n Cf ft* MSflF 1ft ^ : 

Rp57 x Rwl 4 CD 7 4 X ? it , 2 mg/L<D BAP O ft 0 iZ 0. 5 og/L© BAP 
atfa-t7^U>ftB (NAA)**Wr -50 33faa, 

M OT£$ao fc^S**, ffl(0«#cofc», 100 ag/LA^v-<^ 
>fttf350 ag/Lt 7t; + *>A**ft * BPM IC^U^o -T-«TCD 

mmvo*\G*smmit cgohz. ^aatitff) ofctT23±2*c(r 
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Debco 5U10/2 * h S *, 9 XiZ&Ltz. 4 S BUSK HtJl^H^ 
(300 uZ. ^oy>{fc*SjT) O t T23r (CTff ^ U fco 
a. «tS)f*tt 

— 3f 7t • 9 *< *} L ( Nicot iana tabacun) (cv. Xanthi) X h 

? ^ttttii, l b*/l<zw > K-/u»a ciBA^ntassn-eLT 

0.2596 (i/v)y^7 0 (Celrite)itJt 0®rt:£*X*:US#ifeJLi;tt 
I* Ufco aoffla^25arf©iE^JB(rWfflf * bT 1 Qg/L<DBAP & 
C/0. Smg/LO-r > K-/USta ( UA) £ * *T "T iMS*lfet; 24** (BJ Bl» 

^f 5 -7i:oi>t!FIEl/:J:^: Ur*ff***ff ^ 

SSOfU?*, Iob/LOBAP. 0. Smg/L© IAA. 
100 Bg/LCO^^^-r >>aa350 Big/LOt7t^*->A*<ffl3£$n 
tzUSm& (StRifrifc) C»L/:o 2 - 3 9IBft« 

->fc*J£3F**ttL. *LTfiO»i|0/:»!>, Ing/LOIBA. 100 
mo/Leo J: -t^r J U >."""> r*. 3 30 ag/L<0 -*r 7 r ^ + i' A^-S^ 5 SiSiS 
Jfil=8Lfc. «*< 2 - 3 an©fi£ Ci L*"9. aiTCoht 



» ^¥B-50023n (13) 

t'Tffiffl LfcHPLC£l*$tt&tt!B9 (UffD)£ fl He»l et tPack and 
1050T fcif:, Spherisorb S5 0DS2A - h y ? *;> * 5 A 250 im x 

a . T>hi/y->ac;77-i?y y k g> >a a 

TE©&*£, TE^FOfflrfr (ttSOog) * ! % ( v/v )<&**£ 6yi& 
( l : 9 ) „ * iTttiSlfc (KM lex HV. 0.45 u ) aKHPLCSStC 

Sit L^o 

b. T > h *>T^- 

WE a . C fc V*T»fcffl > * y -Attffltt (100 nL) $SSi: 
T ft^aaSfiS^-ffll^TPierce Reacti-Vials ""i 3 T & 35 $£ @ L A: „ & 
3t£200 ^L©2MHCl triStfL. 7;U:^ t ? r^ft -e U 

r^fcioo ■C(rx3o^rainsufco an * a- *? S ^ a £ * (1 : 9) 

T#«L, * LTHPLC#$f{C5fc:fc-»T«a Lfc (MUIex HV. 0.45 
u ) • 

c. 7D7 h757^( - 

O 5r'f5 ti * « Oi £ ffl £ 7 7 i> x > h i& ffi (= J: 0 tf o 

fc. 

«3WA: (h>;x*;UTS>: : H,0) ( 3 : 2. 5 : 1000) 

SiHB:T-trh-h';/V 

r5i>x>Ksfc#: 20^|BIir<5fc t)5« B*£40» 
WL m. : 1 



* 7 ASK : 35*C 

8* £ti : 280. 350 a^546no TO IsJ 8$ 7 s - * - f& K «fc 5 MWD 
T> h •> ;/© t'- 7 liSE*!** t (Cite C J; 0 ISIS L te* 

2. 3'. 5"-bKa*i'7-tf©?o-x;/7'&(/7>tfr 
3'. 5' - bFot>7 --gBUKP-ffttftg 

a. 56£RPfflC i -5 ( Develapmentnl Regulation) 

'J ^cv.OCBOTE^Offifflttl* 3 ' . 5' - t Ko^^7--tfiStti: 
OGBOTE^^OS' . ' 5 ' - tKa + >'5--tfB*ffittli^ao 

fiSBcDratratapst; J: **ia)*<*n4 c t^am^n^ ch2b> , 
;c3S4W^o7^-/Hi77^;^f K4^«i:H^t5ifioa£ 

^oa^tffftfco 3'. 5' - t Ko + ->7 --tf»*coS14. 
$tfi:*rt-3> (chalcone) (CHS). * /U 3 v 7 7 /< ^ 

>-fV>5--tf (CHDStf S> fc Ko77#;-At//^-<f (DP 
R)itG^©3Smil7E<0 56ao©» 3-4 ft ST tT - ? t'i^:, 

b. afflaKfclr* 3 ' . 5 ' - tKo^->7 - tfiStt08# 

fcV^T, 2M (w/v)?'/l'3-X»tt ( * , a^7tCD tTO-< ^^^^C 
- s > ic J; 0 »#3 n^, :nbO*ftTt, 3'. 5' - h K 

:n^eau^^, ht i ac//xiiHf 2ite : f^r/v3-x/i«}t 



c . 3'. 5' - bKo*->7--tfa<->h9oi.P450 ?5XCPg 

0CB?E^tO3'. 5' - t Ko*^5--tfSttli; ?ov-A 
S»l=H*UTiB*}. *LTNADPH © ff fi£ K tt ff T <5 C £ $ n 

h ? o AP450»«*^i%W(w^sttn:r 4 299(0111^ f ^ 

-f ^5 i^X (tetcyclasis)ac/ 1 - T i y^>V h T^>(Taton 
1988 : Uat thews 1985 : Rademacher ^ , 1987) , CjiOSil 

> h 9 □ AP450Eyqt::Pl>T«>&3 nfccDWA5 -ry5';-cDf^g 
*> h ir a AP450nRNA©HRIiSe^ ^ 'J •/ - A tc is T € C -5 
(TakeooriSCfKoDinaffli. I989)o fifot, i/ h 9 o A P450E^ 
(3' > 5' - tKa + i/7-'tfEyq$-^t;) i:oi'Tl»t5fc 
mm 3 - 4 CD7EO0GB <3 7E#**l|ltt<*n*:RtS£:*f y */-A 

rna *ffli>xcDNA-7-r ^5 u --tf^fi 0^0 era 3 - 4 OTE^^O 

7E#ORNA OlffCJ: 0 , 3'. 5' - b + 

^£"3, 3'. 5'-tKa*i>7--eet£li3B£©w©aP&(;;fcl* 

t) o cDNA^-T 7*7 y -lltft;T5l»^nfc7^7*7 'J -ti250.000 

^^zL^TOrE^> h 9 a AP450cPNAg>PCR ifW 
^ftCDi/ h ? a AP450*<, -ff«»tt, ffl», fijlU fell&ata 
CDtttt (Nebert^. 1991, Bozak 1990) ja^itt^^b 
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P(G.S)XGXRXCXCA<#£L, C ITXIil'fnOT 5 JSHTh^X 
J:^ ((33) o :©3 >*tr > *f" X EH £ PASTA 7 a 7 ? i> (Pearson 
&tflipoan. 1988) £ ffl O T NBRFfi £ K f= - J"< - ^ t it « T 6 C 
tlUO. •r-*^- < x4 , ©-f^T©i 7 □ y - Z,f£ S/ h ? a AP450 

F MPFGAG XRXCLC 

3* i tftiri ;ot'j^7ntf K«Ti:/7t„ 

5' - GGAAGCTTATICCITTCT/OGGIGCIGG— 3 ' 
T > >&ttl,tz&ftn, PCR £j£tt©;frrsn±7o-^y 

fc» ©Hindu ea85tt£*fcJafincDE?lI-C£ £ 0 fr^- 
(I) t^»6:ti:J:0, 2£ll©3 Kv*<(^-o 
T S yftEH^n - KL»* Jt^tta K>Otf!fliO»-5 BTggtt*** 
'<-3ftfc. ft+^-f y^>liaiHO»?tA. T. GStfCi: 
(UartioS. 1985 ; Ohtsuka 1985) 0 
ftftf&CF^jfcj ©gcECL/ii^ C L"CcDNA5 -f "7* 5 M — 1 1 
^*f»£ftfc7-7X = KDNA t'J^!SCf2 £fflt*T©360bp 
<Di/ h 9 o A P45QW«E?iI©i9<e©fc A ©ttS i: LTfflffl Ufc (0 
3)« *y3*2(i-2075-f*7- (Strategene) © 5 * - ;fc*SK 
GCN4#£SB{4 (Lew &C5Kenp, 1989) * tffiD L tz © twit EST 6 «, 
PCR BrK-£pBlueseript K 7 a - — >rU, f LTtf 577^i 
K£pCGP450 iftLfco PCGP450 ©5' - fflf*iiT T CfiJIIft^ $ 
ft TV* 5 •> h 7 a 2~?i5Qft*{zM L T X M tzft® & T -5 * ^ 



8-500239 (14) 

^f- j. T © TE#cDNA 7 -<7*'7 t J-fr£©^h7p /*P450fgfttt 

©ma 

ZfyXi K PCGP450 £fflV^T\ W 4 7 a — >tcot»t cDNA 7 -< :/ 
5 -II (60. 0007 5 - 0 ) *^M-i>n/: s h > s> 

h "J > S> * > :>-©fcf£T"C© 2 -7©3IS < 
^•;y>r-»f-i/3>^fflV^T, PCGP450 ©5tS5?a->ac;s/h? 
oAP450cDNA©3* " $OU-7©SS*tt£iJ Lfc, 52.3* E? © * ft ^ ft 

©ftswcDNA^ o - > *»©ara©^«f©/.totrsff: Lfc. pcgp4so 

©5H.3S 5> a - >£pCGP142 fci&SU. * L T # ~ 2T - 7© ft S * 
PCGP147 t PCGP147 ©3- KSK © * » frSaU 

-EcoRtBff Jf C'TcDNA? -< 7 5 U - II* £ © 16. 000:7 5 - ? *ffi 

7 'J *W Xt *£*r20 7 a - >$EJ!«Sl, ££(::2-7©i/h7 
a AP450^S?*pCGPl58 &CfpCCPl60 i*<T* (0 

4A) o 

iatel©7E#^ h ? o AP450^gttt:©PCR CJ:51I(I 

^ -T© ? o - >pCGPU2 &tfpCGPl47 t C/Ct T CE^ft 
£$ntl^7^» K©i/ h 7 a AP450EH (O'Keete ScfLeto. 
1989 : Zozak 1990) © fg£±©^ A©£ K > -T > tt&fr £ ©E 

1UE3*3(0-/ a P45Q ^ r» — ^ c ^ ^ < ci2oi;j.<) j- K 

74*m^r. pcr iz*>)w&&mzmiaLtz (B3B) „ -fr-fxis 

ffl250 -500bp ©£(&££&* r^^acf^ffij ©^tcettU^i 



9CLtfttL, LTHoltonS^Grahan (1991) lUOEft^ti 
^rddT ^-ftllD U fcpBluescript ^7?-lZ?v-y{tLtz 0 ?u- 
>ffc$ft/cPCR «f^*E?iI*SL. XK&is h 9 a A P450(sJ 3e # ■£ 
3 - Kt5C tA<jp$rifc, PCGP454 t&'T'S 1 o©^o->^-se 

cDNA ? -r^^'j-n^btog^^^h; o AP450f5l3e»©m» 
^ h o AP450(5jSe*pCGPl42. PCCP147, pCGPl58 a^pCGPl60 © 
3- K0«3tc;(CpCGP454 ^ «=» © cDNA (04B-4H) * ^ tf 1 1 P - 7 
^^/fcDNA »fH-©S-^7*a -^r^ffl^T, BSafiJIOfcfti:, cDNA 
? -T 7 5 M - 1 1 ^ $ 50. OOOfB ©^o->^X?'J-->irLfc 0 

'W:7';y-r-tf-->3v&tf&#£#T-c£JH52 fflo^^^ 

mitt^ft^DNA ©E5g£9fl-«fc9Hfc*13©fl*>'h?aA P450l^ 
Se**<raS$ftfco C ft £© 7 o - >|8ir 2 o©ffifgKMa^-£5L 
mfil*tKSt|^ft^o Cft 6 2 g?©*ft-eft©3- KffligEliDNA U^C 
^-C949tf©ffi(5lttXIiS©tt^^L/-o I o©5Z.m»© 2 o©ftS 
PCCPI74(05A) ac/pCGPl76. 3£c;*;te©5iBB?© 1 o©ftSpCCP175 

osB) *je^50f5s©^»(ia«u^o 

•> h y o AP450^j$«:©T-'» >RC/RFLP5»gf 

3'. 5' - t Ko*i/7-'tf*3- FT <ScDNA©4r^-*ma£ 

ffts^^ o^P45ora»(*ssar6/rac>try *f>a^RFLP0w* 

ffl^fc 0 p. ^-f7'J/«M:ii3' . 5' - kKo*i/7-tffttt 
^»Jiair * 2 o©iae^-ffiHf l St/Hf 2 * (de Vlaaing^, 

1984 ; Wiering. 1974) HfliiP. h^U^OTEoa StfS©^ 

^liijoriBmdft, -euras©^T3Bm$ft^Hf2(.it^r^ 

^ ^ ^ - T © 3 ' , 5' - t Ko4 i i/7--tfgttt ) »4Wao2(ai 



ncnaodft^. iaflr©fi£^r*#© t> tt, c©B«i±7E#fflac 

fet>r©*«Hif 4;tJ)<T$, TE©363a©©©© 3 - 4 ftiSt 

5 : a 2 (B) *£J&©C , S&li**. *4a©7hUX* 

»»$riS5 c tl£^-C, 3' . 5' - t Ko + ->7--tf*3-Kr 
5cONA^ o- B;Rffitt7o 7-f-^t^tTf-5RNA h 

±©55^yo7^-i^tt5tffi$nfc, 2*>iZ, P. A-f7 
U ^© 3 ' . 5' - t Koti//-tf*3-Kt4. cDNAIi 7 a- 

>tiHf i xtiHf 2 ©t^r n^cdsr -5 tfssnf:, ht 1 i± p. 

Eiii:a«aiti»-5 (Cornu. 1984; CorQut»1990) Hf2tiSfit 
at*V±©PotcffiSca« L/tl>5 (Waliroth^. 1986) . 
V23(Hfl/Hfl. Hf2/Hf2) R51 (hf 1 /hf 1 . hf 2 /hf 2 ) t 
©3£E(Cfi&3feT««ai©F l ft^t>mtt^ftfcDNA ©RFLP^Pf *E V> 

8*©^h? a /.P450HStfl:tr ot>T©Jiffl-r- ^ -#»fco 
HflZ-ite^StiTECfflCS' , 5' - kKo + ->7--eiStt* 

wr-5Fittaic»s$ftfc, rE^©ffas©pH(cfB»*^^ 
-5£hi«e^'v©9im(ca6^r, Hf 1 /ht 1 ite^a^Finactttt 

i:J»8$*5Ct^irifiT*-»/: (WieriDg SCJde 
Vlaotag. 1984). 

V23 m& (Hf 1 /Hf 1 ) ti* fcne. 2©7E#**>>*- HpH^fe 
tzt>t$hi /phi i!£fa^ffLti'fc, £hl/-«fc(i5. 3©7E 
h pH*^r <5©T, TE^^^y*- J-©pH^ff|^r-5 
C t(r Jt 0 R51 x V23 P.*ap?©£h 1 /pjil (Hf 1 /Hf l ) tttb* 

Hf 2 ac/Poite^ffira©*«^fflt*T, «»Hf 2 ? a - >^ks« 
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P. 'W^'J ^chiAit£*K*tl£-f * z t^jpintl^ (van 
Tuneo I99I) „ tE-^T, clnA OcONA ? o - > |± . P.^a*© 

t5:t*<T*fc, V23 IiHf2/Hf2. Po/Poit £*rr -5 © 

t, chiAro-ri:j:o«ai*n6V23 a&c/Rsi «rflp'**- 

> *Po&C/Pp/<y - > tOH^^B (co-segregation) tz <t 0 Hf 2 

K 5 o z.P450f5)&tt© 3 ' -#HKm*Clf ICT *cDNA»rtf-£ 
ffiffl LT, V23 x R5IF, IB*0<|4 0fflttj)N^itltt$n/:y; i. 
DNA <0-3-<r>7n y h&tfRNA 7o, ^ro-^Lfc, ZCD^tfr 
K<fcO, cDNA? o - y P CGP174 &CJpCGPl75 i= *t l£ "T -5 it £ ^ A< 

t z ntzo pccpi74 (ratter *»e^(iHfi ae^ffi 

ICffiSCMaiTfet), *LTpCGPl75 ti Hf 2 it £ IC Bfl S L T 
a. PCGP174 

? n - >pCCP174(05A) 7^<=>©330bp © Hi_n d Iff - Kp_n I 3 ' -mfr 
I4RNA fi. DNA Offi7a 7 h ± © /n ■< 7 M ? *< -tf - i/ 3 > © ^ _ 

5SS£ *K -E-LT3'. 5 ' - t K a * s/ 5 - -tf ffitt t -5 » 

2ro7^-;^tL, »ra3©TE#jas*ce-^^^L^o miz 
/JSifciasK* o»«*<*n*: 0 ^-itc hf 1 /hf i sshsrsi sc; 

Sw63©TE#ffl»^(rite^©ttai^te/i3Batiff«E L^^-, Ai„ c 
niCit IT, Hf 1 /Hf 1 SV23 &tf Th7 £t;KV23 x R51 
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V^Ttt«U^7V<03fegi^tttf$n/c (Pig.SA) o 

XbaltC J: S/Bfti* t\tz*f J /.DNA © «*■ *f > 7* o , H=fcv*T % 
pCGP 1 74 *£©330bp <D Hindffl - Kpnl 3 ' — fflf H" 14 , V23 x R51 P t 
*Si:iJt^!4ii:^HIt5 (segregate) 2 o©RFLP-tfc iii Lfc. 
RFLPtKia <^^'j;-{ Xt4 DNA '< > K I- *t [£ L * ffi^RFLP!2 
liS<'^-f 7*'J />f Xt5'<> Ki:»CUfc (S6B££!S©C t) a 

ph i /p_h i ite^f-aicaa ^ nfci2©tta©n^RFLPf itc-oc^rv23 

«8 =8" L , *USCt)^t 3' . 5' -kKo^i/?- 

-tfStt^^r-r i490tttt©rt49^RFLPMlCo^TV23 XtiVR«^ * 
->Ol^tl^*ffLTl»fc. ^320ttai:-3^t, chi A 

(Po) *3 V * "C © V23. VR &tfR51 RFLP'< * - > £ RFLPI2© *t IS T 
^'^-VtOJS^ttf^fl-fSt (co-segregation)*<?*& U A:, 

ChbOf-^-li, PCCPI74 J* 3 ' . 5' - t Kof 
*3-KLT4iO^ LTHf I itS^SE (RFLPI1) IZM&T * C 
SC; 3 ' '- :7o -rTj^Hf 2 »tc^ffi (RFLPI2) IZ ? a*>w ? ij y 

b. PCGP175 

^ a - > P CGP175(05B) **£©320bp ©Hindffl -Xhol 3 ' -BrH* 
(iRNA & Cf DNA y h©PS# Jt©^ -< 7 'J ? <( H - i/ * ><Os<? 
->£Jj*_ C©'<*->[±c©7 a - >#Hf 2 ite^ffitr^lCf 

*c££^«ufc (07) „ y if >53-w*<^-r t c .tnix. c 

PCCPI74 ^ 3 w» iC 55 arfiv ^ S sh; «@ 3O 0GB TE^F 
SSir i,-^r*7to%a*^^*t, OGB OflFffl«tc4>^Tl±3fi^li 
fiS$n/X^o^ 0 C Oitfi^f-ti £ fc, V23(Hf2/Hf2) . Th7(Hf 
2/Hf2) , &tfV23 x R51 4t« © TE#ffl » * T fe> 5 #1 (0 
7A) „ 

tMf>7*o-, M:fc^t, PCGP175 ^£cD320bp Hi ndm /Xho I Br 



K-li, PCGP174 0 3' ffl7*o - a (RFLP«2) i:S<^W7'J/^X 
"T6V23 SC^RSl Y V A DNA © Xba I fit ft IC <fc DtfiJLfc^lCy; A 
Kfrf:^-f7*'J ;-fXl^: 4 PCGP175 ©3' {MT'o-T/CfcOfciiJ 
$n5V23 , VRa^RSl aRFLP'<^- V^C/ICcM- A (Po) Co 
^T©5tttr 4RFLP'<* - y<0%±tim^i^m (co-segregation) 

^(-fta^ft (TEglOCt) li. pCGPl 75 SCfpCGP174 OR 
m ( PCGPl 76)OS#*t 3 '. 5'-tKo + i/5--tf€-3-KUT 
i'4:t*»SLf:, ^ *i I" , hf 1 /hf 1 . hf 2 /hf 2 ^ ^ ^ — T 
it 5 pCGP!740^^fi>'< - 3 >©3Sm(iifiJn L tz 3 ' 

fe^TiSTiraai^nsfiv^sEu^^^-hHs 3 ' . 5 ' - t ko 

+ i//KkT>hi/r>©^S«-fe/ct»tfc 0 RFLPO»Si:l§i T „ 
ZtX^cDT - ? -fr PCGP174 ^Hf I ite^-ffiCitl? fit 

PCGP175 ^Hf 2ite^ffi(c«isr'5c t*<©a$n^c 

5££5Hf 1 cDNA ^ Q->g>mttatFgyi|5»gf 

Tmto&Fifrmfrt,^ pcgpi74 tisttcr-se^acDS^fi^ o- 

>*ft5-ttf. PCGP175 *«£Ji©«lte3 K>**^, ^ItSi 
ScDNAT*6 tfftS5 tltLo E^5>fff li ^ pCGP 1 76 lipCGPl74 

<0-Ifilw<-i; a >T*oT, 5 ' -j^m^^nSbp tCATG 3 K 

pcgpi76 *<c©ae^o^3- Kffl**?rf **s**«flr ur^ 

ffl-T 5 C tU^^rtgr ffot, PCGP174 /PCCP176 

O — iB3l* ^a-xro^T. cDNA v -fr 7 'J -*2*^ ^ U - - > 
7 1^:. cDNA? yr5'J -I2?7* ^ © fti . 5 xi o' fflKDfflat**, 
PCGP174 0.33Kb Huidni-K£n!3 ' - Bf H" C >; ^ -< X 

r4?o->i:ol'TXM-->n/:, PCGP601 SC/pCGP602 



Lfco PCGP601 &C/PCCP602 O ^ # ti fft S JiO M te 3 K>** 
^T^^^.*<, PCGP602 liiOfi^S' -»HRffl***/lTl^, 

?o->©E^fts©/r«)(ra^$nfc7j-&aa^-'<-5yy 

-E^I*^rpCGP602 ©«R**JftH*H 8 l=*T. 

5Lm«EpCGPl'76 SCfpCGP602 © 7 7 U ^ f- KE?5 S C/ffi^ £ i\ Z 
r i J »Eyq«-0 9f:^t, fi!«IC. 01Ot*pCGP175 o?;utf 

LFASTA^o r =7 I* (Pearson SC^Lipaan. 1988) i:J:!)4r5fi 
55*ffli>T, a -7©3' . 5 ' - t Ko * £/ 7-tfl£^i: 

i03-K$niT;y»E3?9ti94«oti:ilfi<lS — tt«-^^rr-5C 
t^^m^n^io ? 7 b^-f- KE??ti94?tf^-T*^^ 0 fh?a 
^P450eO59-a^^C«^T, C fiDEKOSffilttli^iteT^^ C 7 
t ^ 'J-/t7-7T $ 'J-CI^A:, 3'. 5' - kKo + ->7 
-^©7;;9K?IIIi^h; o AP450X-v<- 7 r 5 U - COPTIC 

Wtt^s$n^«aa<o^rnt t>40w*«oH— irr 5 © 
-c. aticr ^ae^Fd, fa©r^r©P45oite : f*t «ai©8f li* 

P450 7 ri'j-CUti, 

B^i;felj''SpCGPl75 cDNAOgm 

pCGP 1 75 ^^©cDNAIf ASS*S*^7^-pYGA22b tO^JtA 

7^ft K-3-U va^t Koyt--tfro*-^-oai:t> 
x^ifiicjiteCfc, pCGP6i8(aio i«ET -5»^n/t«sca*s« 

C-13I5« (Ashikari^, 1989) IZ©KC»L/Xo 
€-50oL©YNBC^T30r (CT 2B(B!lt»*1t^, :<9««»^^nS 
L/i;;o7-i.I»«3' . 5'-tKo*i/7--tfSlt*^rr 
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ffit±**rttt*o/c <0i2> • pccpi75 **©cDna 

B#ICfcit*pCGP176 cDNA©%% 

PCGP176 *S©cDNAtf AS3£»«'<J'*-pYGA22n + © 7* «J * 
T^f t K - 3 - U >9fb Kort--tfyo*-^-©act> 

^^isjtcaeu^o pcgp62o *#*n*mi£fc£B#G - 1315 
$ n/iss?cDM»i±stt«-^r l^c^c: tfrmztiti cai3) « c© 

C tfr*. PCGP176 ^£©cDNAf*A8Sti 3'. 5' - bKo + i/7 
Hf I cDNA©%% 

a. hf 1 /hf 1. hf 2/hf2 P. 7 'J ^F.ttaSkM x Sw63 

PCGP602 ©cDNA#A85*Ti-'<Y +• 'J ^ - pCGP293 ©Mac 

rot-^-oaiclfeLt, pCGP9O(0I4) 

tt«Skrx 1 S«63 CSIAtfco Skr4 x Sw63 ©SS -T £AGL0/ 
pCGP90t&c:[5lI$*ff£ U; *L*CSkr4 x Sw63 f J L* ^© pCGP602 
cDNA# ASS Officii i/y55ii*i:»bnf:attOt 

h5>Xi;x- v ^ttttti, #h7V*i>x — ? ? $kr4 x Sw63 
*ta J: 0fc*TSc;5V*U'<7V©3'. 5' - bKo*i/ 7 
S14 (015) 3 ' . 5' - tKo + i/^/fcT^hi/T^V (2 
3A) <0p|;*£*r LTl^fco Skr4 x S»63 tiHf 1 tfHf 2 36s 
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- t Knti/7 - -effit*/J<Skr4 x Sw63 ©JE#iaiaat::*>i*T«ai 

£ft*©r (sis) , cft-i©sjHiBft4a^3£ic(iro , ^ 

Lttn. £•=>*::, »ftJ;k?>l? 3 ft*:Skr4 x Sw63 © 7E # *fl IB & c 
i*T{£ U^n, (100 ff/Bo) OT^ty> (oalvisin) *<<ftffl3 
ftfc ( S3A) o Hf I eDNA©*A#7E#SSfc«*© 3 ' . 5 ' - t 

KD^-V7--ei£ttou'<^*i9aidt (015) , -euTh^vx 
* *v x ^ ? ? k & v * t # aj $ n * ^ ^ t* y > © 4 e © u ;t, ^ 

b. -3f-T^. an^^-.+tr:/^ ( Nicotiana 

tabacum cul t iva Xanthi ) T©36JS 
^'< = (N. 9 *<5 u cv Xanthi) ©TBli, *(& — ©7 > h-/7- 

y>ttr->7--;> pcGpgot; x * *'<=j©jg»feft 

(23A) o 



S3A 

a*7>«f 



Anthocyanidin levels found in acid hydrolysed petal extracts 



( /£ g /go7E#) (iig/emfE#) (tfg/«D*E#) 



Skr4 x Sw63 100 nd' nd 



Skr4 x Sw63/pCGP90 410 ad ad 



#mt*&m*tm nd 272 nd 



Transgenic tobacco nd 229 36 



c . hf 1 /hf 1 . hf 2 /hf 2 P. /W^'J yP,itaRp57 x Rwl 
4 1= 

PCGP90. RtfSkr4 x S»63 i:-o^tfflffl LfcOCSUSt 5 
ffll^T, ^f-*-TRp57 iR»14&£J&KIE»lLfc„ h 5 > X i> * 



g 3 B 

KpH#Rp57 x Rwl 4 O&j&^tf 



(as) <*) (*) (*) 

a. — T 

Rp57 x Rwl4 5.0 95.0 0 0 

Rp57 x Rwl4 0 45. 2 7. 8 47.0 

/PCGP90 



**A£nfcHfl cDNA©Skr4 x Sw63 9 (C & £ % 31 tl 7E © €. I- 
fcofc. $ Skr4 x Sw63 ttai=4>tf £ Hf 1 cDNA©$&SUt* 3 

^^.fco *'<3©«£, f=4,7 ^ - ©^aii^ftoo^* 

TEt^r^tZff < Lfco Rp57 i R»I4 «a«=±>Mt£Hf i cDNA© / 

li-PtiOTE©fei:ra»ncJ»ft*^tfc. ^h^V^^x^y 5TRp57 ; 

x Riir4©TE(±tr>7-c*o, i/;57>hi'7-i'>t*5^ti j 

yv^ffaifc (a38*$£i©c t) . Hf 1 cdnak j;-5jg»eftii i, 

7E©fe«-0*l=W < Ufc. Je 

ttS?5 n*£©Sftt± i fc. Royal Horticultural Society's 39 

Color Chart fr"iO«^cltC«r4: t^Tii. — £ fCo, 
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ftl±&£60C/D-65C/D ©fi(E»~*ra b* > 0 &a^£, 70t85©raco 

3Ttg>X&©£<fc£ HXt 6 C t Ii2 t /XV^, Skr4 x Sw63 »«tz 
i»'^T«tt$n5feoaoMi, 65B(#iBWe») *S708 fttf74B 

T4:tA<t§J;^ Rp57 x RtU »«(;:*; l**ftr>jMt 

64C *«=>728. 77B * LT82B Kft < fcOHTEfif 5: fc*<T* 

3'. 4'. 5' - t Ko + ^^ffc7 7^y^ KOff4li3' , 
5 ' - t Ko + i/^-tfiSg. *Lt*<iai:3' , 5 ' - b Ko 

•eite^ fc/w y; ^-r xr 57^5 -5. rnao i 6) ac;/xn 
dna<bi7) *?fiofA7-{-y>tattajSNbfiiiL > 
^^ftHf i cdnac «t o^o-^u, -eurn-5^>u>^x>-/- 

3'. 5 ' - b Ko*5/S--tfag**ffll»TBrifi-C*4. 
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rSSIRNDElSSl- 
TTT ACT TCA ATT CGG AAT GAT GAG ATT TCG AGT CTC 

IS SIHSMNGSVV 
ATT TCA TCA ATT CAT TCC ATG AAC GGT TCT GTT GTC 

NMTQKILCFTNS 
AAC ATG ACA CAA AAG ATT CTT TGT TTT ACA AAC TCT 

VTCRTAFGKVYR 
GTG ACT TGT AGA ACA GCT TTC GGG AAA GTA TAC AAA 

NQNELINLMREV 
AAT CAA AAT GAA TTG ATA AAC TTG ATG AGG GAA GTA 

lelvggfd 

CTG GAA TTA GTA GGA GGA TTT GAT 

FENSPVEFIGNH 
TTT GAA AAT TCT CCG GTT GAG TTT ATT GGA AAT CAC 

F ELVPFGAGKRI 
TTT GAG CTT GTT CCG TTT GGT GCA GGA AAA AGG ATT 

CPGMQFGLANlR 
TGT CCA GGA ATG CAA TTT GGT TTA GCT AAT ATT AGA 

HPLARFLYHFNW 
CAT CCT TTG GCT CGA TTC CTC TAC CAT TTT AAC TGG 

ALP *ETNPEDLD 
CTT CCA TAT GAA ACT AAT CCT GAA GAT TTA GAT 



S L K M M D 
AGT CTG AAA AAT ATG GAT TA A, GTGCAGC AAAAga rsa » » 

TCTATACTTAATTGCCGTAGATCACAAJVGAAGGTGATATATAAATTC 
TGATGTTCTGCTTTAAATGGTGAAAGTCATACTCTACACAATGCTTC 
ATCTCCTTAATTTGAGTTTGGTGTACATTTGTGTCTCCCTTTTAGCT 
TTGAATTTCACCTTGAAAAATGATCACATTTTCTTTTTCTGTTACTC 
CAATTAAGATATATGTTGTGGTTGGTCAATTATGCCATATTTATCAA 
AAGATCAAATCAATTCCCTCGTTGATAAGTATAGATTATAAAACTGA 
TTAATGAATCAAAAAAAAAAAAAAAAA 
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QFFNLVSFLLIVFSL 
TGCAATTTTTCAACTTGGTTTCCTTTCTCCTTATTGTATTTTCCCTC 
10 20 30 40 



I S LRKWKKSNCQTKKL 
ATTTCATTAAGAAAATGGAAGAAATCCAATTGTCAAACCAAAAAATTG 
58 68 78 88 

PPGPWKVPFLGS LLHM 
CCTCCAGGCCCATGGAAAGTACCTTTTCTTGGAAGCTTGCTTCATATG 
106 116 126 136 

VGGLPHHVLRDLAKKY 
GTAGGTGGACTTCCACACCATGTCCTTAGAGATTTAGCCAAAAAATAT 
154 164 174 184 

GPIMHLQLGKISAVVV 
GGACCAATTATGCACCTTCAACTAGGTAAAATTTCTGCCGTTGTAGTT 
202 212 222 232 

TSPEMARKVLKTHDLA 
ACTTCTCCTGAGATGGCAAGAAAAGTACTAAAAACTCATGACCTTGCA 
250 260 270 280 



FAYRPKLLGIEIVCYN 
TTTGCATATAGGCCTAAACTTCTAGGCATTGAGATTGTCTGCTATAAT 
298 30B 318 328 

S5D I AFSPYGDYWRQM 
AGTTCAGACATTGCCTTTTCCCCGTATGGTGATTACTGGAGGCAAATG 
346 356 366 376 
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RKICVLEVLSAKNVRS 
CGTAAAATTTGTGTATTGGAAGTGCTTAGTGCCAAAAATGTCCGGTCA 
394 404 414 424 



FNSIRRDEILLMIDFL 
TTTAACTCGATTAGACGAGATGAAATACTTCTTATGATCGATTTTTTG 
442 452 462 472 

RSSSGKPVNITERIFS 
CGATCATCTTCTGGTAAGCCAGTTAATATAACAGAAAGGATCTTTTCA 
490 500 510 520 
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FTSSMICRSVFGKRIK 
TTCACAAGCTCTATGATTTGTAGATCAGTATTTGGGAAAAGAATAAAG 
538 548 SS8 568 

EKDECIRHVKKMTGLI 
GAGAAAGACGAATGTATACGACATGTGAAAAAAATGACAGGCTTAATA 
586 596 606 616 

OGFDVAOIFPS LRFLH 
GATGGGTTCGATGTGGCTGACATATTCCCTTCGTTGAGGTTTCTTCAT 
634 644 654 664 

VLIGMKGKIMDVHRKV 
GTACTAATCGGTATGAAGGGTAAAATTATGGATGTTCATCGTAAGGTA 
682 692 702 712 

DAIVEEVMNEHKETLR 
GATGCTATTGTTGAGGAAGTCATGAATGAGCACAAAGAAACTCTTCGA 
730 740 750 760 

TGKTHGEVGGEOLIDV 
ACTGGCAAGACCAATGGTGAAGTGGGAGGAGAAGATTTAATTGATGTA 
778 788 798 808 

LLRLKEEGDLQLPITN 
TTGCTAAGACTTAAGGAAGAGGGAGACCTTCAACTTCCAATCACAAAT 
826 836 846 856 

DNIKAIFNDMFAAGTE 
GACAACATCAAAGCCATTTTTAATGACATGTTTGCTGCGGGAACAGAA 
874 684 894 904 

TSSTTINMAMVELMKN 
ACTTCATCAACAACAATTAACTGGGCCATGGTAGAACTGATGAAAAAT 
922 932 942 952 

PSVFAKAQAEVREVFK 
CCAAGTGTATTCGCGAAAGCTCAAGCAGAGGTAAGAGAAGTCTTCAAA 
970 980 990 1000 

GKETFDEDD IEELNYL 
GGG AAAGAAAC TT TC GATG AAGATGAT ATCGAGG AGCTGAAT T ACC T T 
1018 1028 1038 1048 

KLVIRETLRLKPPLPL 
AAGTTAGTCATTAGAGAAACTTTAAGACTCCACCCTCCACTTCCAC^T 
1066 1076 1086 1096 



LLPRECRRETEINGYT 

TTGCTTCCAAGAGAATGTCGGAGAGAAACAGAAATAAATGGCTACACT 
1114 H24 1134 H44 

IPLNTKVIVNVWAIGft 
ATTCCTTTAAATACCAAAGTCATAGTTAATGTTTGGGCTATTGGAAGA 
H62 1172 1182 1192 

DPKYWDDAESFKPERF 
GATCCAAAATATTGGGATGATGCAGAAAGCTTTAAGCCTGAGAGATTT 
1210 1220 1230 1240 

EHNSLNFAGHNFEVLP 
GAACATAACTCTTTGAATTTTGCTGGCAATAATTTTGAATATCTTCCT 
12S8 1268 1278 1288 

FGSGRRICPGISFGLA 
TTTGGTAGTGGAAGGAGGATTTGCCCCGGAATATCATTTGGTTTAGCT 
1306 1316 1326 1336 

NVYHPLAQLLYHFDWR 
AATGTTTATCATCCATTGGCTCAATTGTTGTATCATTTCGATTGGAGA 
1354 1364 1374 1384 

LPTGVDPNDFELTS* 
CTTCCTACTGGGGTCGACCCAAATGACTTTGAATTGACTAGTTAGCTG 
1402 1 412 1422 1432 

GAGTAACTACTGGTAGGAAAAGAGACCTTTACTTGATTTTCACTCCTT 
1450 1460 1470 1480 

ATTCACCTTCTCTAAAGTGATTAAATGG-GCAAATTTTAATTTGAAAT 
1498 1508 1518 1528 

AATACTTTTTCTTGTTTACATTTCTCTCCCATTGTTGTATTTCATTTA 
1546 1556 1566 1576 W * AilA 

CCTATTGTTGTACTTCTTTCTTTTGTTGATGTCTTAGGTTTTACCTAT 
1594 1604 1614 1624 

TTCTATGCATTTGTATTTAAAAAAAAAAAAAAAAA 
1642 1652 1662 
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PCGF158 

Gly Met Met Lys Gin 
GGG ATG ATG AAG CAA 

Leu Asp Gin Cys Asp 
CTT GAT CAA TGT GAT 



Gly Asp Phe Leu Asp Val Leu 

GGA GAT TTC TTG GAT GTA CTT 

Glu Glu Gly Ser Gly Phe Asp 

GAA GAA GGG TCT GGA TTT GAT 



Arg Gin Thr lie Lys 
CGC CAA ACT ATC AAG 



Pro Leu lie Leu Asp Leu Phe 
CCT CTC ATC CTG GAT TTA TTC 
lie Ala Gly Ser Asp Thr Ser Ala lie Thr Thr Glu 
ATT GCT GGA AGT GAT ACA TCT GCC ATA ACA ACA GAA 
Trp Ala Met Ala Glu Leu Leu Arg Lys Pro Gin Glu 
TGG GCA ATG GCA GAA CTA CTT CGA AAA CCT CAA GAA 



Phe Val 
TTT GTG 

Tyr Trp 
TAC TGG 

Phe Leu 
TTC TTG 



Asn Ala Trp 
AAT GCA TGG 

Glu Lys Pro 
GAA AAA CCA 

Lys Cys Ser 
AAG TGT AGT 



Ala lie Gly Arg Asp Pro Lys 
GCA ATT GGA AGA GAT CCA AAA 

Leu Glu Phe Met Pro Glu Arg 
CTG GAG TTT ATG CCT GAA AGA 

Leu Asp Tyr Lys Gly Arg 

TTG GAT TAC AAA GGT AGG G — 



Phe Glu 
TTT GAG 



Tyr He Pro 
TAT ATA CCA 



Cy3 Pro 
TGT CCT 



Phe Gly Ala Gly Arg Arg lie 
TTT GGC GCA GGT CGA AGA ATT 

Gly Met Pro His Cys Asn Lys Asp Gly Glu 
GGA ATG CCA CAT TGC AAT AAG GAT GGT GAA 

I™ Ala Gly Pne Asp T * r Ser Pro Ph * Ser Trp 

TTT GAT GCT GGC TTC GAT TAT TCA CCA TTT AGT TGG 

Glu Leu 
GAA TTA 



Pro Gly Met 

CCT -AA GGA ATG 



Ala Pro Lys Leu Asn 

GCA CCA AAG -AT TTG AAC 



Met Glu 
ATG GAG 

He Pro 
ATT CCC 

Val He 
GTC ATA 



Glu Gin Phe Gly 
GAA CAG TTT GGA 

Leu He Ala He 
CTT ATT GCC ATT 



Val Thr Leu Arg Lys Ala 
GTT ACC TTG AGG AAG GCT 

Pro Ser Met Glu Glu Lys 
CCC AGT ATG GAA GAA AAG 



TT T TAG CCCAAAAGCTATGCATTTTGTGTGTATGTTT 
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GTTAGAAGATCCACTCTCATCATTCCTAAGTTGAGAAGAGTGAGGAA 
ATTAAAAGAAGCAGAAGATATGTTACTATAAAAACTCGTTATATATA 
TATATATTGCTGTATCTATATATGTGTGAATGATCTGCTGCTCATGT 
TGTGTTTTGTTGTTTGTGTACTATAGGTCATACCTAAGTTGATGAAA 
TGTCTCTGAGAATATATACTCCTTATATAATAGGAGTAATTTACCGA 
TAATTAATATTCCTGCGACAAAAAAAAAAAAAAAAA 
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FIGURE 9A 



FIGURE 9B 
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CTTTCTACTAGCTACTTCGTTATATATATGTAAAATTGTGACTTT 
10 20 30 40 

GAAAATCATTTAAATTATCATAAGGTTCATTTTATCTTGATCAAA 
55 65 75 85 

M M L 

ATATTTACTTCGGCCATATACGTTTTCCTTTAGTCATGATGCTAC 
100 110 120 130 

LTELGAATS IFLIAH 
TTACTGAGCTTGGTGCAGCAACTTCAATCTTTCTAATAGCACACA 
145 155 165 175 

IIISTLISKTTGRHL 
TAATCATTTCAACTCTTATTTCAAAAACTACCGGCCGGCATCTAC 
190 200 210 220 

PPGPRGWPVIGALPL 
CGCCGGGGCCAAGAGGGTGGCCGGTGATCGGAGCACTTCCACTTT 
235 245 255 265 

LG AMPHVSLAKMAKK 
TAGGAGCCATGCCACATGTTTCCTTAGCTAAAATGGCAAAAAAAT 
280 290 300 310 

Y G A I M Y LKVGTC.GMA 
ATGGAGCAATCATGTATCTCAAAGTTGGAACATGTGGCATGGCAG 
325 335 345 355 

VASTPDAAKAFLKTL 
TT GCTT CT ACCCCTGATGCTGCT AAAGC ATTCTT GAAAACACTTG 
370 380 390 400 

DINFSNRPPNAGATH 
ATATCAACTTCTCCAATCGTCCACCTAATGCAGGTGCCACTCaCT 
415 425 435 445 

LAYNAQDMVFAHYGP 
TAGCTTATAATGCTCAAGACATGGTTTTTGCACATTATGGACCAC 
460 470 480 490 

RWKLLRKLSNLHMLG 
G ATGGAAGTT GC T AAGGAAATT AAGC AACT TGCAT ATGCT AGGGG 
505 515 525 535 
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GKALENWANVRANEL 
GAAAAGCCTTAGAGAATTGGGCAAATGTTCGTGCCAATGAGCTAG 
550 560 570 580 

GHMLKSMSDMSREGQ 
GGCACATGCTAAAATCAATGTCCGATATGAGTCGAGAGGGCCAGA 
595 605 615 625 

RVVVAEMLT FAMANM 
GGGTTGTGGTGGCGGAGATGTTGACATTTGCCATGGCCAATATGA 
640 650 660 670 

I GQVMLS KRVFVDKG 
TCGGACAAGTGATGCTAAGCAAAAGAGTATTTGTAGATAAAGGTG 
685 695 705 715 

VEVNEFKDMVVELMT 
TTGAGGTAAATGAATTTAAGGACATGGTTGTAGAGTTAATGACAA 
730 740 750 760 

IAGYFNIGDFIPCLA 
T AGC AGGGT AT TTCAAC ATTGGTGATTTT ATTC CTTGTTT AGC TT 
775 785 795 805 

WMOLQGI EKRMKRLH 
GGATGGATT T ACAAGGGAT AGAAAAAC GAATGAAACGTT T ACAT A 
820 830 840 850 

KKFDALLTKMFDEHK 
AGAAGTTTGATGCTTTATTGACAAAGATGTTTGATGAACACAAAG 
865 875 885 895 

ATTYERKGKPDFLDV 
CAACT AC CT AT GAAC GT AAGGGGAAACCAGATTTTCTTGATGTTG 
910 920 930 940 

VMENGDNSEGERLST 
TTATGGAAAATGGGGACAATTCTGAAGGAGAAAGACTCAGTACAA 
955 965 975 985 

TN I f^ALLLNLFTAGT 
CCAACATCAAAGCACTTTTGCTGAATTTGTTCACAGCTGGTACGG 
1000 1010 1020 1030 



DTSS SAI EWALAEMM 
ACACTTCTTCTAGTGCAATAGAATGGGCACTTGCAGAAATGATGA 
1045 1055 1065 1075 

KNPAI LKKAQAE MDG 
AG AACC CT GC CATTTTGAAAAAAGCACAAGCAGAAATGGATCAAG 
1090 1100 1110 1120 

VIGRNRRLLESDIPN 
T CAT TGGAAGAAAT AGGC GTTT ACTCGAATCCGAT ATCCCAAATC 
1135 1145 1155 1165 

LPYLRAI CKETFRKH 
TCCCTTACCTCCGAGCAATTTGCAAAGAAACATTTCGAAAACACC 
1180 1190 1200 1210 

PSTPLNLPRISNEPC 
CTTCTACACCATTAAATCTTCCTAGGATCTCGAACGAACCATGCA 
1225 1235 1245 1255 

IVDGYYIPKNTRLSV 
TAGTCGATGGTTATTACATACCAAAAAACACTAGGCTTAGTGTTA 
1270 1280 1290 1300 

H I W A I GRDPQVWENP 
ACATATGGGCAATTGGAAGAGATCCCCAAGTTTGGGAAAATCCAC 
1315 1325 1335 1345 

LEFNPERFLSGRNSK 
TAGAGTTTAATCCCGAAAGATTCTTGAGTGGAAGAAACTCCAAGA 
1360 . 1370 1380 1390 

IDPRGNDFELIPFGA 
TTGATCCT CGAGGGAACGATTTTGAATTGATACCATTTGGTGCTG 
1405 1415 1425 1435 

GRRICAGTRMGIVMV 
GACGAAGAATTTGTGCAGGAACAAGAATGGGAATTGTAATGGTGG 
1450 1460 1470 1480 

EYILGTLVHSFDWKL 
AAT ATAT ATT AGGAACTTTGGTTCATTCATTT GATTGGAAATTAC 
1495 1505 1S15 1525 
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PSEVIELNMEE A F G L 
CAAGTGAAGTTATTGAGTTGAATATGGAAGAAGCTTTTGGCTTAG 
1540 1550 1560 1570 

ALQKAVPLEAMVTPR 
CTTTGCAGAAAGCTGTCCCTCTTGAAGCTATGGTTACTCCAAGGT 
1585 1595 1605 1615 

LQLDV YVP * 

TACAATTGGATGTTTATGTACCATAGCTATAGATGTGTATTGTGC 
1630 1640 1650 1660 

TATAATTGCGCATGTTGTTGGTTGTAGCATGAGATATTAAAAGGA 
1675 1685 1695 1705 

GTACATGAAGCGCATTGCATGAGTTTAACTTGTAGCTCCTTAATA 
1720 1730 1740 1750 

TTTTAGGTATTTTTCAATTAATAAGTTCTTGTTGGTTGGGTAAAA 
1765 1775 1785 1795 

AAAAAAAAAAAA 
1810 
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M V L L S Z 
TTGAATCCAGCTCTATCTGGCTTTAGACAATGGTGCTACTTAGTG 
10 20 30 40 

LAAATLIFLTTHIFI 
AGCTTGCTGCAGCAACCTTAATCTTTCTAACAACACATATCTTCA 
55 65 75 85 

STLLS ITNGRRLPPG 
TTTCAACTCTTCTTTCTATAACTAACGGCCGGCGTCTCCCGCCAG 
100 110 120 130 

PRGWPVIGALPLLGA 
GGCCAAGAGGGTGGCCGGTGATCGGAGCACTTCCACTTTTAGGAG 
145 15S 165 175 

MPHVS LAKMAKKYGA 
CCATGCCACATGTTTCCTTAGCTAAAATGGCAAAAAAATATGGAG 
190 200 210 220 

imylkvgtcgmvvas 
caatcatgtatctcaaagttggaacgtgt^^atggtagttgctt 

235 245 255 265 

TPDAAKAFLKTLDLN 

ctacccctgatgctgctaaagcgttcttgaaaacacttgatctca 

280 290 300 310 

fsnrppnagathlay 
acttctccaatcgtccacctaatgcaggtgccacccacttagcct 

325 335 345 355 

gaqdmvfahygprwk 
atggtgctcaagacatggtttttgcacattatggaccaagatgga 

370 380 390 400 

llrklsnlhmlggka 
agttgcraaggaaattaagcaacttacatatgctaggggggaaag 

415 425 435 445 

LENWANVRANELGHM 
CCTTAGAAAATTGGGCAAATGTTCGTGCCAATGAGCTAGGACACA 
460 470 480 490 

LKSMFDMSREGERVV 
TGCTAAAATCGATGTTTGATATGAGCAGAGAAGGGGAGAGAGTTG 
505 515 525 535 



VAEMLTFAMAMMIGQ 
TGGTGGC GGAGATGTTGACATTTGC CATGGCGAAT ATGATC GGAC 
550 560 570 580 

VI LSKRVFVNKGVEV 
AGGTGATACTTAGCAAAAGAGTATTTGTAAATAAAGGTGTTGAGG 
S95 605 615 625 

NEFKDMVVELMTTAG 
T AAATGAATTT AAG GACATGGTGGT AGAGTTAATGACAACAGCAG 
640 650 660 670 

Y F N I G D F I P C L A W M D 
GGTATTTTAACATTGGTGATTTTATTCCTTGTTTAGCTTGGATGG 
685 695 70S 715 

LQG IEKGMKRLHKKF 
ATTTACAAGGGATAGAAAAAGGAATGAAACGTTTACATAAGAAGT 
730 740 750 760 

DALLTKMFDEHKATS 
TTGATGCTTTATTGACAAAGATGTTTGATGAACACAAAGCAACTA 
775 785 795 805 

YERKGKPDFLDCVME 
GCTATGAACGTAAGGGGAAACCAGATTTTCTTGATTGTGTTATGG 
820 830 840 850 

NRDNSEGERLSTTNI 
AAAATAGGGACAATTC7XAAGGAGAAAGGCTCAGTACAACCAACA 
865 875 885 895 

KALLLNLFTAGTDTS 
TCAAAGC ACTC TTGCTGA A 1 * 1 ' ' 1 * G 1 ' I CAC AGCTGGT ACAGACACTT 
910 920 930 940 

SSAIEWALAEMNKNP 
CTTCTAGTGCAATAGAATGGGCACTTGCAGAGATGATGAAGAACC 
955 965 975 985 

AI LKKAQGEMDQVIG 
CTGCCATTTTAAAGAAAGCACAAGGAGAAATGGATCAAGTCATTG 
1000 1010 1020 1030 

NNRRLLESDIPNLPY 
GAAACAATAGGCGTCTGCTCGAATCGGATATCCCAAATCTCCCTT 
1045 1055 1065 1075 
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LRAICKETFRKHPST 
ACCTCCGAGCAATTTGCAAAGAAACATTTCGAAAGCACCCTTCTA 
1090 1100 1110 1120 

PLNLPRISNEPCIVD 
CACCATT AAATCTC CCTAGGATCTCGAACGAACCATGC ATTGTCG 
1135 1145 1155 1165 

GYYIPKNTRLSVNIW 
ATGGTrATTACATACCAAAAAACACTAGGCTTAGTGTTAACATAT 
1180 1190 1200 1210 

AIGRDPEVWENPLEF 
GGGCAATTGGAAGAGATCCCGAAGTTTGGGAGAACCCACTAGAGT 
1225 1235 1245 1255 

YPERFLSGRMSKIDP 
TTTATCCTGAAAGGTTCTTGAGTGGAAGAAACTCGAAGATTGATC 
1270 1280 1290 1300 

RGNDFELIPFGAGRR 
CTCGAGGGAACGACTTTGAATTGATACCATTTGGTGCTGGACGAA 
1315 1325 1335 1345 

I CAGTRMG I VMVEY I 
GAATTTGTGCAGGGACAAGAATGGGAATCGTAATGGTGGAATATA 
1360 1370 1380 1390 

L G T L VHSFOWKLPSE 

TATTAGGAACTTTGGTCCATTCATTTGATTGGAAATTACCAAGTG 
1405 1415 1425 1435 

VIELNMEEAFGLALQ 
AAGT7ATTGAGCTAAATATGGAAGAAGCTTTTGGATTAGCTTTGC 
1450 1460 1470 1480 

KAVPLEAMVTPRLPI 
AGAAAGCTGTCCCTCTTGAAGCTATGGTTACTCCAAGGCTGCCTA 
1495 1505 1515 1525 

DVYAPLA* 
TTGATGTTTA7GCACCTTTAG CTTGAAACATGCCTTTACGTTGGT 
1540 1550 1560 1570 

TTCAGTrTTGGGTAGTATAATGTTGTGGTGTTTGGCTATAGAAAT 
ATTAATAAATGCTAGTATCTTGAAGGCGCGTGCAGGGGGAGGGGG 
TTGTCTT AGAT AGT AGTAATATGTTAG C CTTC CTTTT ATTTCTTG 
TGATTGTGAG AATCTTGATAT G 1 X 1 IL T I GAAAAAAAAAAAAAAA 
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